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1. INTRODUCTION

The problem of diffraction of plane waves through a slit in a
perfect electric conductor of finite thickness has been studied by
several investigators [1-4]. The most extensive investigation was that
of Lehman (1], who used the analytic properties of finite Fourier trans-
forms. The solution of Kashyap and Hamid [2] used a Wiener-Hopf and
generalized matrix technique. Both of these solutions were done for the
TM case (incident electric field parallel to slit axis). The solutions
of Hongo [3) and of Neerhoff and Mur [4], were obtained by a numerical
solution of coupled integral equations and were done for the TE case.

In this report, we use the method of moments to solve coupled integral
equations simflar in form to those derived in [4].

This report utilizes the generalized network formulation of coupling
through apertures developed in (5] and [6] and extends these results to
three regions coupled by two apertures. To accomplish this the equiva-
lence principle is used to replace both faces of the slit by perfect
conductors, each of which carry magnetic current sheets on both sides.
The original problem is now broken up into three regions which are
coupled by the postulated magnetic current sheets. The two half space
regions are loss-free with arbitrary u and ¢ and the medium in the slit is
assumed lossy with arbitrary complex u and ¢.

Continuity of the tangential magnetic field is used to derive two
coupled operator equations involving the equivalent magnetic currents as
unknowns. These equations are put into matrix form using the method of

moments, and solved by using standard matrix methods.
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The aperture coupling between the three regions is characterized
by a combination of "admittance matrices'" computed separately for each
region. This gives rise to a network interpretation of the problem
which treats the unknown magnetic currents as port voltages and the ex-—

citation as port currents.

11. PROBLEM FORMULATION

The original problem configuratior is shown in Fig. 1. It con-
sists of a perfect electric conductor of thickness d separating two
regions a and ¢ which may have different electrical properties. Coupling
between the two regions occurs through a slit of width w filled with an
arbitrarily lossy medium. The conductor is infinite in the z and y
directions. The problem consists of three regions separated by two
boundarfes (the slit faces). Using the equivalence principle, the three
regions can be separated by covering the slits with perfect electric con-
ductors and magnetic currents, as described in [5].

The regions are detined by

region a x <0, all y
region b Cexdd, Deyew
region ¢ x>d, all y
and the boundaries as:
:‘1 X=0, 0<y<w
| x = d, O<y<w

which are the two boundaries of separation. To utilize the equivalence

principle, Tl and ') are covered by perfect electric conductors, and on

)
-

each side of these conductors a magnetic current sheet {s placed which

3 gl K - SR T i - i e S g Ve vinbe o prod
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is determined by

Ml - n X El on ll (la)

M2 - Ez x n on 12 (1b)
where El and EZ are the total electric fields in the aperture at Fl and
I', respectively. This breaks the original problem up into three parts

2

as shown in Fig. 2. The magnetic current sheets on cach side of Fl and

Fz are equal and opposite in sign for each slit because {n the actual

problem the electric field must be continuous across them.

The tangential component of magnetic field in region a at boundary

T 18 due to the incident field, ﬁ:, and also to the magnetic cur-

'1' t1"

rents ﬁl radiating in the presence of a complete perfectly conducting

plane at x = 0. This i{s written in operator notation as 3

i
t

H Htl(Ml) + H

1 (2)

where ﬁ:l(ﬁl) and ﬁ: give the field of sources radiating in the presence .
of the complete conductor, and subscript 1 is used to denote that the

field point is on Fl.
In region b, where there are no impressed sources, the tangential

component of magnetic field on Fl is due to the equivalent currents -M

1
and -M2 or
=b =b , = ali . =
i - v -
el ™ Hpg (5M) + H (M)
- - i () - @i, (M)
t1' el (3

where the minus signs factor out because the field operators are linear.

Also in region b the tangential magnetic field at o'

5 I8 written as

4
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LINE SOURCE
ogl i
(Xg,Ys) M,
*
REGION a
— N
0 > X
(a)
37 /,//PERFECTLY CONDUCTING BOX
w
=M, I——
REGIO?Mb o
20
(0] d » X
(b)
LYy
w-
- N
" REGION ¢
M
D 2
0 > X
(¢)

Fig. 2. Equivalences for regions a, b, and c.
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=b =b , = =b . =
Hea = Hep(5M)) + B, (-M))
o b
- B h) - B0 (4)
where subscript 2 indicates that the field point is on F2.
In region ¢, where there are also no impressed scurces, the tangential

component of magnetic field at F2 is due only to currents M2 or
Heg = Hep (M) (5)

where ﬁ:z(ﬁz) gives the field of sources radiating in the presence of a

complete conductor.
The true solution to the original prcblem is obtained when the
tangential components of magnetic field are continuous on the two boundaries

Iy and T',. Thus setting (2) equal to (3) and (4) equal to (5) we have

-2 = =b = -b = =1
Hyy () + BS () + B0, 00) = - B (6a)

<l ab = =g o
Y, (M) + 0, (M) + HE, (M) =0 (6b)

These two coupled operator equations must be solved simultaneously and we
apply the moment method.
The first step is to assume that the two magnetic current sheets may be

expanded by a linear combination of basis functions defined on I', and I', as

1 2
M, = El VinMin on I (7a)
M, = nzl VoMo on T, (7)

Here V., and V, are unknown complex scalars and M

In 2n and M n are vector

In 2

basis functions on Fl and I', respectively.

6




Now substituting Eqse. (7a,b) into Eqs. (6a,b) we obtain

N N
SR B -4
X Vo eg () + 1 v B G D)+ T v R 0L) - (8a)
n=1 n=1 n=1
V1 i St i i
) vlnu M)+ 1 v, B, M) + f Vo llo, () = 0 (8b)
n=1 n=1 -1
An appropriate symmetric product is defined as
&, . j X - ¥ ay )
Fl\lrz
where the variable of integration is either on Fl or rz. Alsc
needed are a set of testing functions {ﬁlm' m=1,2,..., N,} on Fl an
(ﬁzm. - T 10 (T Nz} on Pz. Next take the symmetric product of
(8a) with wlm and (8b) with wzm to obtain
{ Vial¥ .u MU .u L 0]
n=1
N
p 1 10a)
+ nz-l Van VimMen Mo )>=-<Hy > (10a
for m = 1.2.....N1. and
N1 N2 g :
LV Moge Heg@ 0> + T Vo [y JHEy (M, 0> + Wy, HEy (M 03]
n=1 n=1
-0 (10b)

for m = 1,2,..., Nz. These equations may be rewritten in matrix

form as




e e e S, o e e e i e i R

' | L R (lel\"2 -1 (11a)

| A (11b)

21,5 22
(Y ]Vl + [¥Y + 2

where the various component matrices are explicitly identified by

[Yhsa] - [<w1m, Htl(Mln)>]Nf<N1 (12a)
() = - faw,, H:Z(MZn))]NZX N, (12b)
A I G H:l(Mln)>]NIXN1 (12¢)
') .- (W, Hl:l(MZn»]le N, (12d)
(0] = L W00y (12e)
(Y%) = - [y, H:Z(MZn)>]N2K N, KELE)

P oa (W, o Hi>] (12g)

Nf 1
Equations (1lla) and (11b) compose a (N1 + NZ) x (N1 + N2) system which

suggests the network representation shown in Fig. 3 where

12

3 )

(v°) = (13)
[Y21] [Y22]

The matrices [Yhaa]

5 [Yb], and [YhsC] are the network representations
of regions a, b, and ¢ respectively. The explicit computation of
these quantities which, to carry the network analogy further we call

admittance matrices, depends only upon their respective regions.
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III., PROBLEM SPECIALIZATION

The development up till now has been quite general. In this
section we define the basis functions used in the expansion and test-
ing procedure. Also the electrical properties of the three regions are
described.

A z-directed magnetic current excitation produces a field TE to
z, which requires only z-directed equivalent magnetic currents over

Pl and Fz. The basis functions on Fl are chosen as

1 Gz 5 (n-1) ay < y < nAy

- (14)

» elsewhere

for n=1,2,...,N and Ay = E~, y being defined on T

: M is defined
N 2n

1

exactly the same but with y defined on Fz. Here we have taken Nl - Nz = N

so that the number of expansion functions on each slit face is the same.
The testing functions are chosen identical to the expansior functions so

that W, =M, and W, = M

%a e 2n on* Thus from Eqs. (12¢ through f) we have

'ty - et

2l = 713 (15)

22 22

)= )
where the tilda (~) denotes the usual matrix transpose. Also since the
basic functions on P2 are the same as those on Fl. we have
11 22
=R
(16)
21 12
e B

as will be seen more explicitly in Section I1V-3.

10
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The electrical properties of regionsa and ¢ are specified by the
real numbers c./eo, ua/uo, cc/co and uc/uo where € and Mo denote
permittivity and permeability of free space. The properties of region
b are given by the complex numbers cb/eo and ub/uo to describe the losses

present.

IV. COMPUTATION OF MATRIX ELEMENTS

hsa

1. Admittance matrix for Region a, [Y ""]. These matrix elements

are found by computing Eq. (12a). Since ﬁ:l(ﬁln) gives the field of cur-

rent sheet iln radiating into the half space a in the presence of a com-

plete conductor, we may write

k
a

o8 v (2) [ '
Htl(Mln) - - 5;: I Mln Ho (kalY‘y |)dy a7

Ayn

Here Ayn is the region on Pl where ﬁln ¥ 0, k. =W Vu.c., n. - 1u.7t..

w = radian frequency of line source, and ng) is the Hankel function of
second kind, order zero. Substituting Eq. (14) for ﬁln and using the
fact that ﬁln - ﬁlm for m=1,2,...,N, we have for the mnth element of
Eq. (12a):
th. & ka H(Z) (k l 3 'l)d dv' (18)
mn 2n o al¥?y e
& Ay Ay
m n

From this equation it is evident that [Yh"] is a symmetric Toeplitz

matrix, i.e., the elements are functions only of |m=n| and

hence only one column need be computed.

11
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hsc]

2. Admittance matrix for Region c, [Y . The elements for the admit-

tance matrix of region ¢ are found by computing Eq. (12b). The operator
—c e -

Ht2(H2n) gives the field of a magnetic current sheet M, radiating into
region ¢ in the presence of a complete perfect conductor. This is written

=C o kC 2 (2) (] '
M) =~ M, H (kcly - y'|)dy (19)

= L — 4 ,<
where dy is the region on I', where M, ¥ 0, k. = whi e, and ng '“c7'c'

Substituting Eq. (19) into Eq. (12b) and using the fact that i”n- an we

have for the mnth element of Eq. (12b):

f Hiz’(kc\y‘Y'l)d)’ dy" (20)
&y, 8Y,

[Yhsc] is also a symmetric Toeplitz matrix.

3. Admittance matrix for Region b, [Yb]. The elements of [Yb] are

fcund by computing Eqs. (12¢ through f). The operators H:l

fields of current sheets ﬁln or i2n radiating inside a closed conducting

=b
or th give the

box as shown in Fig. 4. Thus braeaking the computation of [Yb] up into two

parts we have

Part 1: Source Mln on Fl. computation of [YlI] and [Yzl].

“S 9
Part I1: Source M2n on 'y, computation of [Yl“] and [Yz'].

For the TE case under consideration, all the magnetic currents are




w
® -
Mln
[D rectangular
perfectly
conducting box B
-
— X
Part 1
?y
w
rectangular
perfectly
conducting box B
> fi
O
0 d A
Part II

Fig. 4. Region b broken up into two problems each with an
equivalent source.




z~-directed. Thus an electric vector potential function F can be de-

fined in region b as (7, sec. 3-12):

i - W\-L‘ (21)

where ¢ is a scalar wave potential satisfying the two dimensional dif-

ferential equation

2 2
L%+3__%+,<‘,.o (22)
IxX Ay

everywhere in region b except where the scurces are. The wave propa-

gation constant in region b, kb. is given as kb - u#ubcb. The fields

are then determined from F by:

o = B .- 3y 2
E ux ay + uy ™ (c 3)
He - jueru' (24)

The tangential component of E obtained from Eq. (23) evaluated
on the box B in Fig. 4 must be zero except where there are magnetic

surface currents. Hence for Part I, Eq. (22) must be solved in region b

sub ject to the conditions:

%*- -%VA -0 (25)
yy-O.U xx.d
and

BJ- - - M (26)

14




which are obtained from the components of Eq. (23). The solution to (22)

satisfying Eq. (25) is of the form

Y = Zo Apcos kxp(x-d) cos 251 (27
P
where
2 .2 . pn2
K 55~ O (28)

The coefficients Ap are found by satisfying Eq. (26) which is rewritten

as

Z A k sin k__d cos PIY = _ (29)
p=0 Xp Xp w 1n

Multiplying both sides of Eq. (29) by cos 251 and integrating from 0

to w on Fl, we obtain

w
-€
- P Py
Ap w k_sin k_ d f Mln ot BT dy S
Xp Xp 0
where ep is Neumann's number (€D=l for p=0 and en=2, p > 0). Now ﬁ?l and

ﬁ:z are simply given by Eq. (24),

b
Thus Htl(Mln) becomes

b
Hoy (M) = - Jue, v, )

jweb © ¢ cos k_d

Ll
[ M, cos B dy' cos Py
In w w

W z k sin k_d
Xp X 7

p=0C
1 (31)

with a similar result for H: Substituting into Eqs. (12c and e) we

2
11 21
obtain the mnth elements of [Y "] and (Y " ]:

15




which are obtained from the components of Eq. (23). The sclution to (22)

satisfying Eq. (34) is given by

V= B cos k REY 36
pZO p xpx cos - (36)

where kxp is again given by Eq. (28). The coefficients Bp are found by

satisfying Eq. (35) which is rewritten as

v o Py _
pZO Bpkxp sin kxpd cos £5 My (37

Again multiply (37) by cos L:;! and integrate from 0 to w on I‘2 to get

€
.- ) XX 4y
Bp wk__ sin k_ d ru2n haaade dy A
Xp o R

16
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“:1 (M2n) is again given by Eq. (24):

b
Htl(H2n) i jwebw(M2n)

jweb ; 8247 - E pTY
"Tw L % _sink_d f o s e A (39)
p=0 "xp L T

2

with a similar result for H22(“2n)' Thus substituting into Eqs. (12d

and f) we obtain the mnth element of [Y12] and [Y22]h

12 jweb © ¢ csc k_ d pry’ "
- .. L}
5 = = f f Wip My, cos 5 cos 2;1 dy dy (40)
p=0 Xp r. r
I "2
Jwe, = ¢ _cot k_d '
Y22 i s b X o W, M, cos ¥ o9 BI¥ dy dy' (41)
mn w k 2m 2n w w
p=0 xp T
s

More is said about the computation of the admittance matrix elements

of region b in Appendix A.

4. Excitation Matrix. The source which is placed in region a at

coordinates (x'. ya) is a magnetic current filament Kﬁz radiating in
the presence of a complete conductor at x = 0. Hence the tangential

component of incident magnetic field, ﬁt, is given by

Boeen i 1 r)H (42)
t uz 2na o as

where Rs = /xz + (y-ys)z. Substitution of this ﬁ: into Eq. (12g) yields

the following formula for the mth element of vector Tiz

17
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me=1,2,...,N. The variable of integration, y, is on rl and Aym is the

region where ﬁlm ¢ 0. Equations (lla,b) may now be solved for Vl and VZ.

V. TRANSMISSION COEFFICIENT

The transmission coefficient of the slit is defined as

ptlﬂ
T = rans

(44)
inc
where Ptrlnl is the time average power transmitted into region c¢ by
the slit and Pinc is the time average incident power intercepted by the
slit from region a, both for a unit length in the z direction. Ptrans
then, 18 just the real part of the Poynting vector flux through boundary
rz which is given by
A"
P R B, x i, + A
trans - Ep xHy *n dy (45)
0
where * denotes complex conjugate. Ez and ﬁz are the total electric and
magnetic fields at r2. Using the vector identity [7]:
2 I -
e X ‘N = .
2 Hz n H2 (n x Ez) (46)
and Eq. (1b) we obtain
w
P R TR 47
L H2 Mzdy 47)
0

Now substitute Eq. (7b) into the above to get




S S eipgsho et v

N
- -
P * " I8 nzl Vou {i Hy + M, dy) (48)

The magnetic field ﬁ2 is due to the magnetic current sheet ﬁz radiating

into region ¢ or

N
Hy = Ry = “21 Van'e2 Man? gl

Substituting Eq. (49) into (48) and using Eq. (12b) and the fact that

M2“ = wzn. we obtain

hac]*v* (50)

P, oo = Re 92[Y -

tran
This is the usual formula for power flow into the network represented
by [Yh'c] of Fig. 3.
The time average power radiated into whole space per unit length

in 2z by a magnetic line source of strength K is given by [7]:

ka 2
P, = ZR: |K| (51

Pinc ia that portion of Pf which is intercepted by the aperture and 1is

given by
ok

Ly waals lxl® 9
P1nc 2 Pf 8wn. || (32)

where 0 18 defined in Fig. 5. Equation (44) is finally written ae

8mn O

hac
Re {Vzlv 19, (53)

T =

2
ok.|x|

19
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VI. POWER GAIN AND MEASUREMENT VECTOR

The power gain pattern in region ¢ is defined as the ratio ot the

radiation intensity which would exist if the transmitted time average

power were radiated uniformly over halt space to ! in Eq. (44), or

“trans

G(Q) BB e tm————— (‘\-q\
trans

ﬁm is the component of the magnetic field in region ¢ in the direction

of a magnetic test line current K u, due to current sheet ﬁ‘ radiat ing
m

in the presence of a complete conductor at x = d. K u_ {s used to
m z
= B :
measure Hm at position (rm.¢) by reciprocicy. If HK is the field at
'y due to Kwu' radiating in the presence of a complete conductor, then

- «

from reciprocity

H o *Ku = | H; » M, dy (%)
m Nl ,

Substitution of Iq. (7b) into (55) results in

N
HK = § v. <M., uls (56)
m m 4 2n en K

n=1

which is rewritten in matrix form as
m—
t = I ¥ 57)
m n \2 \

-m ¥
I 18 a measurement vector defined as

it T L

et U v (38)

- m e
he elements of 1 are essentially the same as those of I1 and

are given by

R e B R B REE.

{
{
|
|




w
m & — M . 3 (2) - w - y a
‘n 2“c I M2n “z “o u'"c"‘m'.'(2 y‘“y|)dy (59

0

o3 I (RGN, | DO R \c (far field measurements) where \c g then

m kc
the above becomes
st w w
K Jk -3k r Jk (v = ) sin ¢
s vl [ ol g W T W i dy (60)
n . 2nrm 2n

0

-jk r
o Tl ] g ©OW (61)
K n 2nr
m ¢ m

and the comporents of I™ become

Ad just K“ to
t

Yo gk (v =) sin ¢

- M 2
In M2n e dv (6-)

0

'he measured component of magnetic field is now giver by

!jk" -4k r

P bl TTem o ym o

um g B g {1 Vz} (61)
¢ m

and i{s {n the direction of K“‘-'z' The final formula for power gain
\

becomes

(64)

22

e




I ——

i

VII. NUMERICAL EXAMPLES

All the examples given here are done for normal incidence with
the source far enough away (xs B -100Xa) and the strength adjusted
to simulate 1 unit incident plane wave at slit face Fl. The permea-
bility and permittivity of regions a, b, and ¢ are that of free space
except where noted. To check the computer program, magnetic currents
were computed for a relatively thin slit (w = .axa. d = .OOIXa) for
different values of permittivity and permeability in region c. These
results are given in Figures 6 and 7. As expected, ﬁl - -ﬁz. and
agreement is quite good between results in Fig. 6 and those obtained
for d = 0 [8]. Gain and normalized far field patterns for these cases
are given in Figures 8 and 9.

Two examples done by Neerhoff and Mur [4] for a slit with w = 1y
(micron ), d = .1lu, and Xo = 43531 appear in Figures 10 and 11 when
region b contains free space and regions a and ¢ have different per-
mittivities. The magnitude of currents ﬁz is compared and agreement
is quite good. Figures 12 through 15 show the effects of having a
lossy medium in region b for a slit with w = 1\a. d = .25xa. when
regions a and ¢ are free space.

Figure 16 shows gain and normalized far field patterns for a
slit with varying thickness and different values of €p OQur results
agree well with the same example computed in [4]. This case was also
experimentally measured in [9] with slight discrepancies in the mag-
nitudes of the sidelobes and nulls when compared with our results.

Figures 17 through 19 show the magnitudes and phases of magnetic cur-

rents computed for the slits in Fig. 16.

23




Figures 20 and 21 show the effect on transmission coefficient
for various slits when the source is placed at different angles of
incidence as measured from the negative x-axis. This transmission
coefficient is different from Eq. (44) in that Pinc is now the time
average power intercepted by the slit when the source is at normal
incidence which, for plane wave simulation as we have done, amounts
to multiplying Eq. (44) by cosd where ¢ is the angle of incidence.

This is done to facilitate comparisons with results given in [12]

and [13].
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VIII. DISCUSSION

A general purpose computer program has been developed for calcu-
lating the transmission characteristics for a slit in a conductor of
finite thickness separating two different media. The slit may be filled
with lossy media as specified by the user. It is shown in Appendix A
that this formulation reduces to the case of a slit in a conducting
screen as the conductor thickness d approaches zero. However, when
media b is lossless and the slit dimensions w or d are such that

&+ &% - D?

b

is satisfied for any integer p and m, some terms of [Yb] become infinite
and our solution fails. In this case we obtain a solution by perturbing
the dimensions w or d slightly so that the region b is no longer a resonant
cavity.

When using the computer program to check with results given for
slits when d = 0, a relatively small ‘alue of d may be used (i.e.,
dﬁ’lo-ska). However, because the matrix composed of [Yhsa], [Yb], and
[Yhsc] becomes more ill-conditioned as d approaches zero, results obtained
for extremely small values of d may be questionable.

The examples seem to indicate adequate convergence when the number
of expansion functions is increased. Also, in computing the infinite
sums involved in determining [Yb], no more than 50 terms were used for
any of the exeaples, since increasing this number did not appreciably

affect the results.
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Appendix A

NOTES ON THE COMPUTATION OF [Y°)

The elements of the submatrices of [yb] are given by equa-
tions (32), (33), (40), and (41). All of the equations have the ’

foliowing integral in common:

I= [ cos 251 cos 2{}L dy dy' (A-1)
Anl’2
where °‘1,z and Anl’z are intervals over which the expansion or testing
function is nonzero on Fl or r2 for m, n=1,2,...,N. Using the trigono-

metric identity
sin pnx - sin p(n-1)x = 2 sin Pi’—‘- cos [p (n - -;—)x]

where p and n are integers, Eq. (A-1) becomes

2 pr
2 8in 1
I = (ay) E_;—)-zlu cos [—%"- (m - %)] cos [—%1 (n - -2-)] (A-2)

where Ay = % Now write matrices [Yn] and [Y12] as
, - § oa ) (A-3)
. p=0 P
and 12 © (p)
g 1= 7J bp[l-‘ "~ (A-4)
i where pee

2 2 pn
% jmcbep(Ay) cot kxp_c_l_ sin

- 2N (A-5)
a
P v k pr, 2
xp (2.“)
2 2 pw
Juwe e (Ay)° csc k__d sin” BT
i g": k—’"———%“ (A-6)
xp ) Ak
G
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The matrix [F(P)] is given by

(P, .7 ”
P =1 ?p (A-7)

where
pr(N - %‘)

f - u 3H...
fp [cos T? cos e , cos 2 =

] (A-8)
Matrices [Y12] and [Y22] may be written in terms of the above according
to Eq. (16).

It is evident that for various values of kxp or k__d when the

medium in region b is lossless, the coefficients ap and bp become infinite.

These cases are summarized as 4

d=0, k 0.
1) .

2) kxpd mmr form=20,1, 2,... Q

To examine these cases in further detail we rewrite Eqs. (lla,b) using
Eq. (16):

hsa i

[Yn +Y ]\71 + [Yu]\'r2 -1 (A-9)

[Yn]\-ll + v+ Yh“]\-rz -y (A-10) i

For case 1 when d is very small, a suitable approximation to

cot x and csc x yields

vt ) = vd?) i

and
[t B ()
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11,-1
1] 1

Next multiply Eq. (A-10) by [Y to obtain

Vl - - V2 (A-11)

then subtract (A-10) from (A-9) and use Eq. (A-1ll) to get

hsc

Y"e® + v A i (A-12)

This is the expected result when the thickness of the conducting
screen is zero [5, p. 7].

An analytical expression for Eqs. (A-9) and (A-10) as
k!pd + mn in case 2 is not attempted here. Instead, when the dimensions
v and d are such that case 2 arises for some integers m and p, the com-
putations are done for dimensions w + AAb or d + Akb wherever appropriate

where Alb is a small fraction of the wavelength in region b.
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Appendix B
COMPUTER PROGRAM

B-1. Required Data

The required data cards are read in according to the format:
100 FORMAT(6E11.4)
101 FORMAT(615)
READ(1,100) NMUA, NEPSA
READ(1,100) NMUB, NEPSB
READ(1,100) NMUC, NEPSC
READ(1,100) W, D
READ(1, 100)PHIO, DPHI, FMC
READ(1,101)N, NI, NT, NEXC
READ(1,101) ICUR, IGA
DO 1 I = 1, NEXC
READ(1,100) XSc(I), YSC(I)
1 CONTINUE
The input parameters are defined as
@ NMUA = w_/ug
NEPSA = ¢ /e
NEPSB = eb/eo
NMUB =y /u
~ NMUC =y /ug
NEPSC = ¢ /e
W = slit width in meters.

D = glit thickness d, in meters

-‘i 44
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PHIO = angle in degrees at which first gain measurement
is computed.
4; DPHI = increment in degrees at which gain pattern is

computed.

ii FMC = frequency of magnetic line source in megahertz.
N = number of expansion functions on slit face rl or rz

(total number of unknown magnetic currents = 2N).

NI = number of gain measurements to be computed for each
pattern.

NT = number of terms used to approximate the infinite
summations in Eqs. (A-3) and (A-4).

NEXC = number of excitations (i.e., number of right hand sides

to Eqs. (1lla, b)).

ICUR = integer option variable. If ICUR = 1, the magnetic

Sl

currents will be printed for each excitation. If
i ICUR ¢ 1, printcut will be bypassed.

3 IGA = integer option variable. If IGA = 1, a gain pattern and

far field pattarns will be computed for each excitation.

A A,

If IGA ¥ 1, this computation will be bypassed.
XSC(J) = x coordinate of jth magnetic line source in meters.

YSC(J) = y coordinate of jth magnetic line source in meters.

The minimum storage allocations in the main program are given
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Y(N*(2%N+1)), VM(2#N), YHSA(N),

YHS (N), VM2(NEXC*2#*N)
DIMENSION GA(NI), FP(NI), PHI(NI),

PHIR(NI), XSC(NEXC), YSC(NEXC)

For subroutine TRANS the minimum allocation 1is
COMPLEX YAUX(N)
for subroutine GELS,
COMPLEX R(N#*2*NEXC) , AUX(N*2*NEXC)
and for subroutine YB,

COMPLEX ST1(NT), ST2(NT), CXP(NT)

DIMENSION SINC2(NT)




b
A

o R T e T

:

B-2. Main Program Description

The first quantities to be computed are the wavenumbers and
impedances in each region normalized by ko and N, respectively where
ko = wavenumber of free space and i impedance of free space. It
has been noted that whenever the dimensions w or d are integral multiples
of a half wavelength in region b (for the lossless case) computational
difficulties are encountered. This condition is checked for in statement
50 where the dimensions are perturbed slightly if necessary. Next the
dimensions are changed to electrical lengths by multiplying by ko. The
actual ordering of the magnetic current expansion functions along slit
faces I and T, is shown in Fig. B-1. Here, {Ayl, BY,seees AyN} are the
regions on which ﬁln ¥ 0 for n=1, 2, ..., N and {AyN+1. AYpggr oo AyZN}
are the regions on which ﬁ2m ¥ 0, form=1,2,...,N.

The first step in solving Eqs. (1lla,b) is to compute the necessary

matrix elements as given by Eqs. (12). For convenience, each side of

hsa] [Yhsc]

Eqs. (lla,b) are multiplied by the factor noko. Since [Y and
are symmetric Toeplitz matrices and [Y11] and [Y12] are symmetric, only

the upper right triangular portion of

{Yll ‘ Yhsa] [Y12]

(Y] = Noko (B-1)

[Y12] [Yll + Yhsc]

is computed. This is stored in array Y in the main program by columns.

hsa

The first column of noko[Y ] 1s computed from Eq. (18) with statement

51 and the result is stored in array YHSA. The first column of
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Fig. B-1l. Expansion and testing function numbering system
on slit faces.
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hsc] is next computed and stored in array YHSC in statement 52.

n k(Y
Statement 53 computes the upper right triangle of the matrix
11 12
(H7] & A
nok

- 12

(Y 11

] (Yl

and stores the result temporarily in array Y. DO loop 2 then adds

hsa hsc

noko[Y ] and noko[Y ] to the proper elements of the above
temporary matrix and stores the final result in array Y which is
the upper right triangular portion of Eq. (B-1).

Each excitation vector nokofi corresponding to a magnetic
line source at (XSC(I), YSC(I)) is computed in statement 54 and
stored temporarily in array VM. This operation is done NEXC times
in DO loop 3 where each VM is stored consecutively in array VM2.

The solution to Egqs. (lla and b) is then found by statement 55 where
the input array VM2 now contains the solution for each excitation.
The coefficients of magnetic currents are printed out in DO loop 4

of ICUR = 1. DO loop 17 computes a transmission coefficient for each

excitation and a gain and normalized field pattern if IGA = 1.

49
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MAIN PROGRAM LISTING
THIS PAGE I'S BEST QUALITY PRACTICABLE

FROM COPY FURNISHED T0 DDC

———

AUCK+TIME=2,RAGES=40

——==CCRRECTED TRANSVERSE ELECTRIC THICK SLIT PROGRAM

EASED ON REPORTY TR-77-9
COMPLEX VM2(1820) +Y(528) ¢ YHSA(16) ¢YHSC(16) +VM(32)
COMPLEX CSART,CSINLCECOSsHANKO2 ¢ HANKL12,CONJG
COMFLEX ETANBs+U:NMUB  NEPSBeWAVNB, STK
DIMENSION XSC(91)e¥Y¥SC(21)ePHI(91) PHIR(91) ¢GA(91),.FP(91)
COMMON WAVNOePI U
REAL NMUA ¢NMUC ¢ NEPSA ¢NEPSC
DATA ETA/ 376730/ EPS0O/8.85E-12/
PI=2.1415s3
U=(0eele)
FORMAT(0ELL .4)
FORMAT(61S)
REAC(1,100) NMUA,NERSA
REAC(1+100) NMUB.NEPSB
REAC(1,100) NMUC+NERSC
REAC(14100) WeD
REAC(1+100) PHIOCPHI.FMC
REAC(1¢101) NeNIoNTeNEXC
REAC(1+,101) ICUR,IGA
DO 1 I=1.NEXC
REAC(1+100) XSC(I),¥SC(I)
PRINT eI e XSC(I)eYSC(H{)
CONTINUE
PRINT*NEPSB="? NEPSB ¢« "NMUB="* ¢ NMUB
PRINT*NMUA=* {NNUA,*NEPSA=*, NEPSA
PRINT ¢ *NMUC=?® { NMUC s " NEPSC=*{, NEPSC
PRINT ' W=, W,e*'D=¢*,D
PRINT'PHIO=*¢PHIOe "OPHI="*® DPHI ¢ * FMC=" (FMC
PRINTo'N= " Ne'NI="oNIo*NT="¢NT, *NEXC=? NEXC
PRINT'ICUR= *,ICUR+'IGA= *',IGA

C-=======CCMPUTE WAVENUMBER OF FREE SPACE.

S0

WAVNO=PI ®*FMC/150.

—-==COMPUTE WAVE NCS. OF REGIONS A+Be AND C NORMALIZED

EY WAVNOe.
WAVNA=SQRT(NNUA*NEPSA)
WAVNE=CSQRT(NMUB*NERSB)
WAVNC=SQRT(NMUC*NEPSC)

~===COMPUTE INTRINSIC IMPEDANCES OF REGIONS As B¢ AND C

NORMAL IZED BY ETA.
ETANA=SQRT(NMUA/NEPSA)
ETANE=CSQRT(NMUB/NER®SB)
ETANC=SQRT(NMUC/NEPSC)
PRINT s WAVNB+ETANB ¢« WAVNO
M=N*(N+1)/2
N2=Z24%N
M2=NZ*(NZ2+1)/2
CALL PTB(weDeWAVNB)
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THIS PAGE 1S BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TODC

C==—==—=——==(hANGE OIMENSIUNS TO FREE SPACE ELECTRICAL LENGTYHS.
W=w*WAVNO
D=C*WAVNOQ
DY=w/N

G mmon o CCMP. FIRST ROW OF ADMITTANCE MATRICES FOR REGIONS

C A AND Beee STCRE IN ARRAYS YFESA AND YHSC RESP.

g1 CALL YHS(WAVNA®DY eNeYHSA ¢ WAVNALET ANA)
s2 CALL YHS (WAVNC*DY oNe YHSC e WAVNC . ET ANC)
3 CALL YBUY eM2«WAVNEB JETANB ¢ WeDY eNToeDeN)

DO 20 I=1N
PRINTeYHSA(IL) s YHSC(E)

20 CONT INUE
G20 i o ACD HALF SPACE ADMITTANCE MATRICES TO Y11 AND Y22
C OF TOTAL ADMITTANCE MATRIX Yeeoe

K=1

DO 2 J=1 N
DO 2 I=1,J
Y(K)=Y(K)+YHSA(J~1¢1)
YOMtJENEK)=Y( MEJENHK )¢ YHSC(J-1+¢1)
K=K+1
2 CUONYIANUE
DO 21 I=1 M2
PRINTIaY(])

21 CONTINUE
(G Sk CCMPe EXCITATION MATRIX.
DO 2 I=1.NEXC

XS=XEC(I ) *WAVNO
YS=YSC(I)*WAVUNG-
S4 CALL TEEXCIWAVNA:WAVANARXS e WAVNARY SeNoeWAVNAXDY o VM ¢N2sE TANAY STK o W

1AVNA®W)
DO 3 J=1 N2
VM2(J+(I1=1)%N2)=VM(J)

b, CCNTINUE

Commmmm == SCLUT ION OF MAGNETIC CURRENTS.

88 CALL CELS(VM24Y«eN2eNEXCeM2)
IF(ICURNES1) GO TO 5
102 FUORMAT(IS 4E17.7)
103 FORMAT('"1%',15Xs*MAGNETIC CURRENTS FOR XS =*,F8¢3¢3Xe
**ANL YSE =',F8.3)
DL 4 J=1 «NEXC
WRITE(32410C3) XSC(J)e¥YSC(J)
DO 4 I=1,N2
K=I4+(J=1)*N2
AI=AIMAG(VM2(K))
AR=FEAL(VN2(K))
PHASE=180%ATAN2( AL, AR)/P ]
VA=CAES(VM2(K))
WRITE(2:102) T1.VM2(K)esVAPHASE
L} CONTINUE
- CONTINUE
DO € I=1 N1
PHICI)I=PHIO®([~1)%DPHI
PHIR(I)=PI*PHI(]1)7180.
S CONTINUE
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TODDC _

Ce=====<<-COMPe OF TRANSMISSION COEFFICIENT.
10& FORNAT(® 1% 18Xe"XS%618Xe'YS*21Xe* TRANSMISSION COEFF,*)
WRITE(3.1C5)
DO 7 J=1.NEXC
DO € I=1eN2
VM(I)=VM2(I+(J-1)%N2)
8 CCNTINUE
XS=2XSC(J)*WAVNO
YS=YSC(J) *WAVNO
56 CALL TRANS(NsN2+sYHSAsPTeToVMeSTKeWeXSeYSeETANAWAVNA, TN)
108 FORMAT(® *.4E20.7)
WRITE(3+4108) XSC(J)sYSC(J)eTe TN
WRITE(241C0) XSC(J)eYSC(J)eTeTN
IF(1GANE.1) GO TO 9
Ce=====~<~COMPe GAIN PATTERN.
S7 CALL GAIN(PHIReNI ¢NeN2+¢VM DY oW ¢GA s WAVNCETANC ¢ PT(FP)
1C€ FORMAT(F20e1+:2E20471)
107 FORMAT ("1, *POWER GAIN PATTERN IN REGION C AND ANGLE IN DEGREES')
WRITE(3.107)
DO 10 I=1,N1
WRITE(3.1C6) PHI(I)eGA(X) FP(I)

10 CONTINUE
9 CONTINUE
7z CONTINUE
STOF
END

SAMPLE INPUT-OUTPUT

SCATA

1 -041000Q00E 03 0.4000000E 00
NEPSB= ( 0.100000CE O1 ¢« 0.00000QCE 00)

NMUB= ( 0+1000000E O1 o 0.0000000E 00)

NMUA= 0«100000CE 01 NEPSA= 04 1000000E 01
NMUC= 0«1C00000E 01 NEPSC= 041000000E 01
w= 0.8000000E 0C C= 0.2500000E 00
PHI 0= -0«S000000E 02 CPHI= 0«X000000E 02
N= 10 NI= 19 NT= $0
ICUR= 1 ICGA= 1
FMC= 0«3000000E 03
NEXC= 1

( Ce100000CE C1 o Ce00CO0000E 00)
( 0.1000000E 01 ¢+ 040000000E 00) 0.6283185€E 01
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FROM COPY FURNISHED TODDC  ——
PRINTOUT OF FIFSY COLUMN OF YMSA AND

0.1250820F 00

O« 1A888858F 00)

YHSCeee

( . ( 0¢12%0820% 00 « 0.18%5388S5%¢ 00)
( OclI7P774F 00 ¢ O JCASTIAAE-01) ( O l17P2774F 00 ¢ (c6ASTIBEE-01)
( 0.9581R08F=01 , ~0.9290889F-02) ( 0¢95S159AF-01 , -0.9290889F-02)
( 0.63ITINBAF-01 o, =0.4897879€-01) ( 0eO6373ISBAE~01 o -0.4697879F~01)
( 027661 90E=01 o =0¢€X12484F=01) ( 0.2769190F-01 o -0.6112484F=01)
( =0,02795655-02 ¢ =0615173AF=01) ( -0.6279868SE=02 , -0.A1%1736F=-01)
( «0e3252630%-01 ¢ =0,4628398F=01) ( =-0,32536307-01 o -0.4625398F~01)
( =0.4722714F=01 ¢ =0e2274257€=01) ( -0e4722714E-01 , -0,2274257F=-01)
( =0,4898727F~01 o 0,2879364E-02) ( -0.4898727E-01 ¢ 0.?8792¢4E-02)
( =0e29093176-01 o 002479246F=01) ( -0¢39093176-01 , 0,2479246F-01)
PRINTOUT OF UPPER RY. TRIANGLE OF Yeeoo
1 ( 01250820F 00 ¢ 0.3844130F 00) 88 ( 0.0000000F 00 o =0.,1531€81F 00)
2 ( Ocl172774F 00 ¢ 0.7049739F-01) &9 ( 0¢0000000F 00 o =-0e1692446% 90)
3 ( 001280820 00 + 0.2748093F 00) 60 ( O0.,00000C0E 00 o =0¢1534147F 00)
& ( 0.9851698F-01 o =0.1129717F 00) €1 ( 0.0000000F 00 4 -0.1040408F 00)
S ( 0.1172774E 00 » 0+25%4401F-01) 62 ( 0,0000000F 00 ¢ =03081196F=01)
S ( 0.1250820F 00 , 0,2786530F 00) 63 ( 0¢0000000E 00 o O0.4924359F-01)
7 ( 0.6373584F-01 o -001956093€ 00) 6% ( 040000000 00 ¢« 0e1167789F 00)
8 ( 0.9551698E-01 ¢+ ~0.1091290F 00) 65 ( 0.0000000F 00 » 0.1552752F 00)
9 ( 0e1172774F 00 ¢« 0e6990689€E-01) 65 ( 0.,1250820F 00 ¢+ 0.3844130F 00)
10 ¢ O0.,1280820E 00 ¢ 0.3497829€ 00) 67 ( 0¢0000000F 00 o =0.1198969F 00)
11 ( 0¢2769190F-01 , -0,2079151c 00) 68 ( 0,0000000E 00 ¢ -0.1266469F 00)
12 ( 0.6373ISAAE=01 ¢ =0.1512464F 00) 69 ( 0¢0000000F 00 o =0.1359733F 00)
13 ( 0¢98551698E-01 o -0,37997305-01) 70 ¢ 0¢0000000F 00 ¢ =De1373387F 00)
16 ( 0e1172774F 00 +» 001490885F 00) 71 ( 0,0000000€ 00 o -0,1198708= 00)
18 ( 0.1250820F 00 4 0,4189617 00) 72 ( 00000000F 00 ¢ =0+R018625F-01)
15 ( =0.€279565€E-02 ¢ -0+16194S9€E 00) 73 ( 0,00000008 00 ¢+ =0,2308%27F-01)
17 ¢ 0.,2769190E-01 ¢ =0,1367847F 00) 76 ( 0¢0000000FE 00 ¢« O0eR672381¢F-01)
18 ¢ 0¢6373584E-01 ¢ -0¢7206637€-01) 75 ( 0,0000000€ 00 ¢ 0.AY73IVI7E-01)
19 ( 0,9551698E-01 ¢ 0.2918159€-01) 75 ( 0<0000000E 00 ¢« 0.1167789% 00)
20 ( O0e1172774E 00 o 0.1874563 00) 7 ( 0e1172774E 00 ¢ 0e7049739F-01)
21 ( 0.1250820E 00 ¢ 04169624E 00) 78 ( 0.1250820F 00 o 0,2748093 00)
22 ( -0e3252630F-01 o, =0,73¢%091¢~-01) 79 ( 0.0000000F 00 « =0¢1531681F 00)
23 ( ~0.627956865E-02 ¢ ~0¢8276433E-01) 80 ( O0,0000000F 00 o =0,13%59732¢ 00)
26 ( 0.2769190F=01 ¢ =0,69605A3F-01) A1 ( 0.0000000E 00 ¢ =0.1108171E 00)
28 ( 0e46373SBAE-01 o -0e336°741E-01) 82 ( 0,0000000F 00 + =-0.86598009F-01)
26 ( 0,9551698E-01 ¢+ 0.2918183FE-01) 8% ( 040000000 00 ¢ =0+6410986F-01)
27 ( 0«2172774E 00 ¢« O01490886F 00) 84 ( 0,0000000F 00 ¢ =0.3981519F-01)
20 ( O0,1280820F 00 o 0.3497834E 00) &% ( 0¢0000000E 00 o -0,12650856¢-01)
29 ( ~0«4722714E-01 , 0.,2714213e-01) 85 ( 0.0000000F 00 ¢+ 0.1451089€E-01)
30 ( =0e32853630F-01 ¢ -0.A372154F-02) A7 ( 0.0000000F 00 o 0,3672293¢F-01)
31 ( =0,627956SE-02 , ~0,4439%415-01) 88 ( 0.0002000E 00 ¢« 0¢4924277€-01)
32 ( 062769190E-01 ¢+ =0.6980541F-01) 89 ( 0.,9551698¢-01 4 «0.112°717F 00)
33 ( O0.,6373584E-0) o =0.7206637€-01) Q90 ( 0e1172774F 00 ¢ 0¢2554401€E-01)
36 ( 009551698E-01 , =0¢3799713F-01) Q1 ( 0.,1250820E 00 ¢« 0.27065S30F 00)
35 ( 0.1172774E 00 ¢ 0.6990725F-01) Q92 ( 0¢0000000F 00 ¢ =0e1692446F 00)
36 ( 0¢12%0820F 00 + 0.2786530% 00) 93 ( 0,00000006 00 ¢ =041373387F 00)
37 ( =0.4R98727E-01 ¢+ 0e1159413F 00) 9% ( 0+«0000000E 00 o =0,8659899¢F-01)
AR ( ~0e4722714F-01 , O0,6551129g-01) Q% ( 040000000 00 ¢ =03758R30E-01)
39 ( =0.3253630E-01 , ~083717A9E-02) 9% ( 0.0000000E 00 o -0,65435845-02)
40 ( ~0.,6279555€-02 o ~0.8276445F-01) 97 ( 0<0000000F 00 ¢+ 0e3425784E-02)
41 ( 0e2769190E-01 , ~0«136784%E 00) 98 ( 0,0000000F 00 o -0.1318%46E-02)
42 ( 0,6373884F-01 ¢+ -0.1%512459% 00) 90 ( 0¢0000000E 00 ¢ -012650417-01)
43 ( 0¢9551698F-01 , -0.1091290¢ 00) 100 ( 0,0000000F 00 ¢+ =0,2398506F-01)
Q44 ( O0,1172774E 00 ¢ 0.2554196€-01) 101 ( 0¢0000000€ 00 ¢ =0«I031169€-01)
45 ( 0¢12%0820F CO ¢+ Ce2748093€ 00) 102 ( 0,63735B4E-01 ¢ =0.19560092F 00)
46 ( =0.3909317€=01 ¢ 0+180223%€ 00) 103 ( 0.95S169AZ=01 o =0.1091290F 00)
47 ( =0+4898727F-01 , 0,11994;5c 00) 106 ( 041172774E 00 ¢ O0«69906R89E-01)
48 ( =0.4722714F=01 ¢ O0e271422%5F-01) 105 ( 0e12%0820F 00 4 0,3497829F 00)
49 ( ~0.,3253630F-01 o -0.7555103=-01) 106 ( 0«0000000E 00 ¢ =0«1534147E 00)
80 ( ~0.62798SASE~C2 , -0+16194%6F 00) 107 ( 0¢0003000F 00 o =0,119870S 00)
Sl ( 0,2769190E-01 ¢+ ~0.2079150E 00) 10f ( 0.0000000E 00 ¢ =0.64109886F-01)
82 ( 0«6371S34E-01 , -0.19560967 00) 109 ( 0.0000000F 00 ¢ =0.654358aF~02)
8 ( 0.9551698F=01 ¢+ =0.1129715F 00) 110 ( 0.0000000€ 00 ¢+ 0+2994736F-01)
S8 ( O0«1172774F 00 ¢+ 0.70497S51E~01) 111 ( 0,0000000F 00 o 0.31952858F-01)
88 ( 0.1250820F 00 ¢+ O+3R4412%€ 00) 112 ( 0.0000000€ 00 ¢+ 0.34252381F-02)
86 ( 0«0000000F 00 , ~0.9337544E-01) 113 ( 0.0000000F 20 ¢ =0.3OAR1496F=-01)
87 ( 0.0000000€ 00 ¢+ =0+1198969F 00) 114 ( 0<0000000F 00 ¢+ =0¢8018895€-01)
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118
11¢

11>
118
119
120
121

122
12"
124
128
128
127
128
129
1M
3

13

134
138
136
137
138
130
140
141

142
143
148
148
14%
147
148
149
150
18

182
183
184
188
156
157
158
189
160
161

162
163
164
168
166
1647
168
169
170
17

7
17
174
178
176
17
178
179

0.0000000F 00
0e2769190€-01
0.6373584F-01
0«9551698F-01
0«1172774€ 00
0.12%0820F 00
0« 0000000F 00
0.0000000€ 00
0+ 0000000€ 00
0, 0000000 00O
0+ 0000000F 00
O« CO00000E 00
0.0000000€ 0O
0. 0000000F 00
0+ 0000000E 00
0.0000000F 00
~0:6279868SE~C2
0.2769190E-01
Qe6372S84F-01
0.9%81698F-01
0.1172774F 0O
0.12%0820% 00
0.0000000€ 00
0¢0000000% 00
0,0000000e 00
0+0000000€ 00
0. 0000000F 00
0« 0000000E 00
0.0000000€ 00
0, 0000000 00
0+0000000€ 00
0.0000000F 00
=0¢3253630E-01
-0,62795648€E~-02
0¢2769190E-01
0.6373584F-01
0.98516¢08F-01
011727 74€ 00
0.12%0820€ 00
0. 0000000F 00
0.0000000€ 00
00000000 00
0. 0000000F 00
0+0000000F 00
0,0000000F 0O
0¢0000000% 00
0+.0000000€ 00
0« 00000008 00
0.0000000E 00
«0e4T722714F~01
~0sJ253630E-01
«0,6279868F-02
0.2769190€-01
0.6373S/4E-01
095516908F-01
0.1172774E 00
0«12%0820F 00
0.0000000€ 00
0.0000000E 00

0+0000000E 00"

0,0000000F 00
0+0000000€ 00
0.0000000F 00
0+0000000E 00
0.,0000000F 00

=0.1040404F 00)
-0.2079181F 00)
=0.1852464F 00)
=0 3799730F=-01)
0« 1490A8SE 00)
0.416917¢ 00)
=0¢1040408F 00)
-0.801R628E~-01)
=0+3981519¢-01)
03428784E-02)
0.31982%8¢-01)
0.20047S4E-01)
«0+6843308F-02)
-0.6410986F~-01)
-0e1128702F 00)
~0+1534148E 00)
«0161945°9F 00)
=0¢1367847E 00)
=0.7206637F-01)
0¢2918159F-01)
0.1874863E 00)
0+41589624F 00)
=0e30f1196E~01)
=0+2398827F-01)
=0e1268086E~-01)
«0.1318946£-02)
0e3428881E-02)
«0,6843308E-02)
-0+2758802%-01)
-0, 6898 75F-01)
=0e1373388 00)
=0e1€Q244SEF 00)
=0+ 7SS8091E-01)
~0e8276433%-01)
«0,6960883e-01)
=0«3369741E-01)
0,291 8#183€-01)
0¢1490886E 00)
0.349783aF 00)
0¢4924389F-01)
0.3672381E-01)
0¢1451089F-01)
-0.1265041€-01)
«0e39814967-01)
=0.6410986€-01)
-0,8659873€-01)
“0+1108170F 00)
«0,1389733¢ 00)
=0.1831681E 00)
0.,2714213F-01)
“0e8372184E-02)
«0+4419841F-01)
«~0+6960841E~01)
-0.7206637E-01)
=0 «3799713€-01)
0.6990728€-01)
0.2786830¢ 00)
0«11ATTA9E 00)
0.,8773017E-01)
03672393€E-01)
«0,23988068~-01)
=0+8018898F-01)
~0+1158702¢F 00)
«0e13733088F 00)
“0e1359733F 00)
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108
188
1806
187
188
180
190
191
192
193
19
198
198
197
198
199
?00
201
202
203
204
208
206
207
208
209
210

P N el e ke e L N T T T N O N N =y

0« 0000000E 00
0.0000000& 00
-0.4890727F-01
~0.4722714E-01
-0,3283630E-01
=067 T79S6SF-02
0«2769190€-01
0.6373584E-01
0.95S1698E~01
0.117277a4F 00
0«1750820F 00
0.0000000F 00
0.0000000F 00
0, 0000000 00
0+0000000€ 00
0,0000000 00
0« 0000000 00
0. 0000000€ 00
0, 0000000 0O
0+0000000€ 00
0,0000000F 00
=0e3909317€-01
-0,4898727€~-01
-0e4722714E-01
=0.3283630€E~01
«06279568F-02
02769190€-01
0«6373584E-01
0.9881698F~-01
0.1172774F 00
0.1280820F 00

® @ 00 90 60 % o 00 9 %0 * 0 g 00 0 ® 000 e ® e e eoe

T QUALITY PRACTICABLY
SHED 10 DDG

«0.1266469F 00)
“0¢1198970E 00)
0.1199413F 00)
0.6551129F-01)
~0.8371789¢-02)
«0.8276448E-01)
~0e1367845E 00)
~0.1512489F 00)
=0¢1091290F 00)
0.2554396£-01)
0.2748093" 00)
0.15%2782F 00)
0e1167789F 00)
0.4924377F-01)
-0eM081169¢-01)
~0.1040404F 00)
-0.18341488 09)
~0.1692448E 00,
-0,15M1681F OC
~0+1198970€ 00!
~0.9337844F~01)
0e1802238¢ 00)
041199418% 00)
0.2714225¢-01)
“0+7858103€=-01)
-0.1619488¢ 00)
~0.2079180% 00)
-0,19%6096¢ 00)
=0.112971%€ 00)
0.,7049781£-01)
0+3844128¢ 00)




THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TO DDC e

PRINTOUT JF EXCITATION MATRI Xe oo

1 ( ~041005299E 01 4, 0e3436115E-02)

2 ( -0,1005304F 01 , 0.1760722E-02)

3 ( -0«1005307F 01 4 0¢6135921F-03)

& ( -0.1005S307F 01 o+ -0e1€6538225-03)

S ( —0e¢1005307F 01 , =-0e6135921E-03)

6 ( =0,1005307F 01 ¢ =06135921E-03)

| 7 ( -0¢1005S307F 01 , =0,1653822F-03)

l 8 ( “0.100%5307F 01 ¢ 0¢6135921E-03)

9 ( =061005304F 01 4, 0,1760722F-02)

10 ( —0.1005299F 01 o 023361185F-02)

11 ( 0.,0000000E 00 « 0,0000000= 00)

12 ( 00000000 00 ¢« ©0¢0000000F 00)

12 ( 0,0000000F 00 4 0.0000000F 00)

14 ( 0¢0000000F 00 ¢+ 00000000 00)

15 ¢ 0,0000000F 00 ¢+ 0.0000000F 00)

16 ( 0«0000000E 00 o 0.0000000F 00)

17 ( 0«.0000000F 00 ¢« 0«0000000F 00)

18 ( 00000000 00 o 0,0000000fF 00)

19 ( 0.0000000E 00O ¢+ 0e0000000E 00)

20 ( 0+.0000000F 00 o 0,0000000F 00)

MAGNETIC CURRENTS FOR XS ==100,000 AND YS = 0400

1 -0e¢ 1041356F 01 0«3800805SF 00 0.,1108550F 01 0,1599485F 03
2 -0.8690500€E 00 ~0¢5143996E-02 0¢ 86906S2E 00 -0e1796608F 03
2 -~0e¢95%10195F 00 -0,6967962-01 0,96354a72F 00 ~0e1758529F 03
'Y -0«1020225F 01 -0.1214982F 00 0+1027433F 01 -0+1732086F 03
s -0.1057353F 01 -0,141594a5F 00 010667925 01 “~0e1722726F 03
6 -0.1057343F 01 -0+1415946F 00 0«1066781F O1 ~-0,1722725¢ O3
7 -0,1020234fF 01 -0.1214956F 00 0. 1027442F 01 -0e.1732088E 02
a -0¢9610143F 00 -0 6967777F-01 0.9635370F 00 -0,1758530F 02
Q -0,8690844F 00 -0e¢5143974E-02 0e¢ B690696E 00 -0¢1796608F 03
10 -0e¢1041354F 01 0.2800802¢ 00 0,1108548: 01 Oe 15994855 03
11 -0s4528797F 00 -0.1127379F 01 0«1215315F 01 -0,1119205¢ 03
12 -0.1003134F 00 -0.9136119€ 00 0e 9191025F 00 ~0.9626579F 02
13 ~0e¢5921120F=-01 -0+9311429F 00 0¢9330299F 00 -0,9364456c 02
14 ~0.2156582F-01 -0,9213710€ 00 0e9216233F 00 -0¢9134077E 02
15 -“0e7313278F=-02 -09183767F 00 0.9184054% 00 -0e9045618% 0O
16 -0e 7312000F-02 -0.9183&870F 00 0«918396&1F 00 -0.9045610F 02
17 -0 2156668E-01 -09213762E 00 0.9216285% 00 ~0e 91340T7F 02
18 -0« 5C21240E-01 -“0e9311271F 00 0e¢9330242F 00 -0e9364471F 02
19 ~0.10070€69¢ 00 -0,9126149E 00 0¢9191048F 00 “0e9626541F 02
20 -0.452A861F 00 “0e1127376F 01 NDe1215314c 01 ~0e1119Q2Q0x 03

XS
=0 100000CE 02

YS TRANSMISSION CDEFF,
0.4000000fF 0O 0¢9396020F 00
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POWER GAIN PATTERN IN REGION C AND ANGLE IN DEGREES

=90 «0 0.1042085F 00 0e 51 00097F-01
-80.0 0e 1200446E 00 0e5473917E-01
=700 0.1762717F 00 0e 6633121F-01
-60.0 0.2986771 00 0+BE34211E-01
=500 0e 5253934E 00 0e«114S167F 00
4040 0. 8892853 00 0.1489866F 00
=300 0. 1383474F 01 0«1858285F 00
-20.0 0.1925999¢ 01 0¢2192577€ 00
=100 002362068F 01 0«242813€F 00
0.0 0., 4006325 02 0.1000000E 01
100 02362071E 01 0«2428128= 00
20,0 0,1925999€¢ 01 0.2192577E 00
300 0e 1383476F 01 0.18582B6E 00
40,0 0,8892870 00 0.148C868F 00
500 0e¢ 5253938F 00 0.1145158 00
60,0 0, 2986779 00 0e 863432 3F-01
700 01762720E 00 0e¢6632127F-01
80,0 0.1200448g 00 0.5473922E-01
90«0 0.104208SE 00 0e¢ 51 00096F-01
COPE USAGE OBJECT CODE= 49704 BYTES, ARRAY AQFA= 45516
COMPILE TIME= 356 SEC+EXECUTION TIME= 4.88 SEC, WATFIV
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B-3. Descriptions and Listings of Subroutines

SUEROUTINE PTB(WsDsWAVNB)
COMMCN WAVNOePI U
CONMFLEX U+WAVNB b
WLE=2.*PI/(REAL(WAVNE)*WAVNO) 1
DD=+.001%wLB

1=0

IF(D«ECeO0es) GO TO 10

IF(AIMAG(WAVNB) e NEeGe) RETURN

DO 1 I=1,20

IF(ABS(WLE*I/2.~-D)eLEel.E-04) GO 70 10

CONTINLE

GO YC 11

D=C+CC

FORMAT(®* =% ,'D= ¢ ,[Se3X+*TIMES HALF WAVELENGTH IN REGICN Be CHANGED
* TC*.E14,.7)

WRITE(3+100) 1.0

IF(AIMAG(WAVNB) «NE &0 «) RETURN

DO 2 I=1,20

IF(AES(WLE*1/2¢) cLEwleE=-04) GO TO 15

CONTINUE

GO 10 16

w=wW+00D

FORNAT(' =9, 0y= ¢ [5,3X."TIMES HALF WAVELENGTH IN REGICN Bes CHANGEOD
* TO'4E14,.7)

WRITE(3:150) 1I.W

RETURN

END

This subroutine checks to see whether w or d are integral
multiples (up to 20) of a half wavelength in region b. If either d

or w satisfy this condition they are changed by

d=4d+ .001 Xb

w=w+ ,001 xb

If region b is lossy, the parameters d and w are unchanged unless

d = 0 in which case only d is changed.
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LISTING CF SUBROUTINE YB

SUBRQUTINE YB(Y M2, WAVNBETANBeWs CY ¢ATeDeN)
COMMON WAVNO.PIU

COMPLEX Y(M2) e YB11:,YB12¢YSUM11+¢YSUN12,KBDeU:sCONST,WAVNB,ETANB
COMFLEX ST1(150)eST2(150)+CXP(150)sCSQRT«CSINLCCOS
DIMENSION SINC2(150)

N2=N»*2

M=N*(N+1)/2

CONSET==USDYRDY/W/ETANB

KBC=WAVNB*D

IF(ABS(AIMAG(KBD) )eGE.SOe) GO TO 1
YB12=CONST/CSIN(KELD)
YB11=YB12#CCOS(KBD)

GO 7C 2

MF=-1

IF(AINAG(KBD) ¢« GTe0es) MF=1
YB11=MF*CCNST *U

YB1e=0.

CONTINUE

DO 2 I=1eNT
CXP(I1)=CSART(1.~(I*RI/W/WAVNB)%%2)
SINC2(I)=(SIN(I*FI/ZN2)/7(I*PI/N2))#%2
KBC=CXP( I )*WAVNB*D
IF(ABS(AIMAG(KBD) ) «GE«SOe) GO TO 4
ST1(I)=CCCS(KBD)*SINC2(I)/CSIN(KBC)/7CXP(I)
GO 10 €

MF=-1

IF(AINAG(KBD) «eGTe0e) MF=1
STI(I)=SINC2(I)/7CXP(1)%*MF*U

CONTINUE

CONTINUE

DO 7 I=1NT

KBO=WAVNB*CXP(1)*D
IF(AESCAIMAG(KBO) ) «GEeS0e) GO TCQ &
ST2(1)=ST1(I)/CCOS(KBD)

GO 10 9

ST2(1)=0.

CONTINUE

CCNTINUE

K=1

DO 10 I=1.N

DO 10 J=1,1

YSUM11=0e.

YSUM12=0.

DO 11 IP=1,NT
CS=COS(IP*PIX(I=eS)/N)*COS(IPRPI%(J-5)/N)
YSUM11=YSUM11+ST1(IR)I*CS
YSUM12=YSUM12+ST2(IP)*CS

CONTINUE

Y(K)=YB11+4YSUM11*CONST*2,
Y(N+(I-1)%N+K)=YB124YSUM12%CONST%2,
K=K+1

CONTINUE
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K=N-1
N1=K
DO 14 [I=1,N1
DO 18 J=1.K
Y(N*(l-l)ONﬁJ#I*(l+l)/2)=Y(M0(J#l—l)*N+(J£l~l)t(J+I)/2+l)

15 CONTINUE
K=K=-1

14 CCNTINUE
K=1

DC 1€ I=1.N
DO 1€ J=1,1
Y(M4I2N+K)I=Y(K)
K=K+1

1€ CONTINUE
RETURN
ENC

This subroutine computes the upper right triangle of

[Ylll [le]

12

[vl?) [yl

]

and returns the result in array Y. The major task is to compute
approximations to the infinite sums in Eqs. (32) and (33). Re-
writing Y;i as it appears in Eq. (32), we have

in
jkono(Ay)“ cot k,d

n kY11= o b
O O mn w n
b
, et - @ g 3
" e co - 1 " in~ EE
j2k0'0(Ay) kbw kb sin (ZN) [EE 1]
= 5 e (m - =
wn L — pm. 2 N 2
b p_l 9 (:-,N)
1 = EEy© &
kbw
. BT (o l] =
cos[N (- ) (B-2)
where Eq. (A-2) has been used. A similar expression is obtained for
12 g 2
nokoYmn' The complex constant CONST is set equal to -j(Ay) kono/wnb.

- LY " : o S
Since kb is a complex number, we write kb kb jkb and if kbd > oy

then the limit of cot kbd as kgd + © jg used in computing the p = 0 term,

YB1l1l, for nokoYéi. Next, DO loop 3 computes NT terms of the infinite

|
mn

summation for Y~ where




CXP(p) = (/1 - (fb";)2

sinz(gg)
SINC2(p) = —-(—1-)—1—)‘5—“
2N

v)zkbd sinz(gﬁ)

(B-5)

pn,2
(2N)

Again if Im (/1 - (iﬁ%)z kyd) > 50, the limit to cot x as Im x + - {s

used. DO loop 7 computes the terms of summation for nok° Y;i and stores
them in array ST2 as ST2(p) = STl(p)/cos(CXP(p)kbd). DO loop 10 computes
NT terms of Eq. (B-2) for myn = 1,2,...,N and stores the result in the
first N(N+1)/2 locations of Y. Note the result is an upper right tri-
angular matrix stored columnwise. The upper right triangle of the

matrix nokoY;§ is also computed here and stored in the appropriate loca-
tions in Y. Next, since noko[YIZ] is symmetric, DO loops 14 and 15 fill
in the rest of that portion of Y which nokO[lel occupies. Finally,
since [Ylll - [Y2?]. DO loop 16 fills in the rest of Y which is then

returned to the main program.
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SUPROUTINE YHS(DY N.YHSAWAV,ETAN)

COMPL EX SUM¢HANKQO?2 ¢+ YHSA(N) +HANK]12,U

COMMCN WAVNO, PI U

DIMENSION T(a).A(4)

DATA T/=,4305682,,4305682,-,16999085,,169C905/
DATA A/2%,3478548,2%.6521452/

DATA NLZ X/

YHSA(1)=0.

DX=DY/NL

DO 1 I=1.2

DO 2 J=1,NL

X1=ARS((I=1)&DY-Dx*(J=eK))

X2=X1*X1

HOEX1 % (1 o=X2/9 %(1e=X2725e%(] e=X2/49.)))
H1=X2/3e%(1e=-X2/15e%(1,=X2/35,%(1,=-X2/632,)))
YHSA(1)=YHSA(1)+DX*®(X1%x((1e=H1)®HANKO2( X1)+HO®HANK12(X1)))
CONTINUE

CONT INUE

YHSA(1)=YHSA(1)7(2%FTANXWAV)

C2=DY/?e

DO 2 K=2N

Ca=(K=,5)%Dy

SUM=0 e

DO & J=1 .4

0o 5 1=1,4

SUM=SUM+A(J ) A(T)*HANKQ2(ABS(DY*(T(I)=-T(y))+C2-Ca))
CONTINUE

CONT INUE

YHSA(K)=SUMRC2% %2/ (2 *FTANRWAV )

CONTINUE

RETURN

ENP

This subroutine computes Eq. (18) or (20) multiplied by the

factor (noko). The parameters are:

B e Ay times ka or kC where Ay, is defined in Fig. B-1.

hsal - [Yhac]

N = number of elements in one column of [Y

hsa] [Yhac]

YHSA = array containing first column of [Y or

WAV = ka/ko or kc/ko
ETAN = “a/"o or nc/no

The exact elements stored in array YHSA are noko Y:sl , mml,2,...,N,
1 ]

When m ¢ 1, a four-point Gaussian quadrature formula is used to evaluate

the integral. Thus, for example, n k Yh.a becomes
ooml
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- S W+ -

kay, kay 4 &
hsa _ 1 a 71 (2)
Y1 *TE n =" 32 my 121 21 AiAjHo (lti—tjj) (B-6)
269 H ]
o o

s At e

i o

where the Ai’ t1 are weight coefficients and nodes respectively and are

stored in arrays A and T. When m=1, the integrand is singular so the

approximation
S NS Y S mf 1 (e - L L L 4 aen)
oo ll -~ ka N tud o NL NL
26HEN T ey
o o

is made. The integral inside the summation is then computed with the
aid of the identity [10, 11.1.7)

X

f Héz)(t)dt " x}ic(,z)(x) + 2 (1 (0 Hiz)(x)
0

- 1y (0 uff’ 0} (B-8)

where Ho(x) and Hl(x) without superscripts are Struve functions of

orders zero and one defined as

7 2 X X
! H (x) = = [x - + e i) (B-9)
v " it e ok
| and
i 2 x2 x“ x6
Hl(x) - ; [ 2 iy 2 2 * 2 2 2 b .--] (B‘lo)

1

n

LISTING OF SUBROUTINE TFEXC

i SURROUTINF TEEXCI(WAV XS eYSyNeDY VM N2 FTANGSTK W)
4 COMMON WAVNO4PI U
COMPLEX VM(N2)4STK,SUM, UsHANKD 2 y HANK1 2
DIMENSICN T(4),A(4)
DATA T/=¢4305682+¢4305682,~¢1699905,¢16990085/
DATA A/2%,347854R,2%,6521 as52/
RSO=SORTIXSkXS+(YS=-W/2e )%%xD)
STK=4 ,%*U/HANK12 (RSO0)/WAV
: THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED 0 DDCG
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SUM=0e.
DO 1 I=1.,4

1 CONTINUE
VM(J)==(SUMSSTK*DY2 ) /(ETANX2,)
? CONTINUE
Nlz=N+1
DO 3 I=N1,N2
vMm(1)=0,
o CONT INUE
RE TURN
END

This subroutine computes the elements of Eq. (43) multiplied by

k n . The input-output parameters are:

WAV = k /k
a o
XS = k x
a's
YS = kays
N = number of non-zero elements of excitation vector.
DY = kaAym
VM = output array containing excitation elements (right
hand side of Eqs. (11) multiplied by noko).
N2 = 2%N
ETAN = n_/n
STK = Strength of line source which produces an incident electric
field equal to unity at the origin.
W=kw
a
To produce a unit incident electric field at the origin, the strength

of the magnetic line source Kﬁz must be

STK = k K = —.5 '8 (B-11)

nD (D x

63

SUM=SUM+A( I )J*xHANKOD2 (SQRT( XS®XS+( ((J=eS)+T(I)IXDY-YS) *%2))
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A four-point Gaussian quadrature rule is used to approximate the integral

in Eq. (43) thus the elements computed are
k Ay n 4
L. + 28,0 (2) J' 2 E 2 5
nEI » - (R na)“‘o“’ 121 AR (YO k)™ + (ky, -t (8-12)

This is done in DO Loop 2.
C LISTING OF SUBROUT INF TRANS

SURFOUTINE TRANS(NsN2 s YHSAJPT ¢ To VM STK oW XK YK ETANAWAVNA,TN)

COMPLEX YHSA(N) s YAUX(30)e VMIN2) s SUM S CCNJIG+STK U

COMMON WAVNO, PI U

DO 1 I=1.N

YAUX(I1)=CONJUG(YHSA(1))
1 CONTINUE

Nl=N-1

SUM=0,

DO 2 1I=1,N}

S=0.

DD 3 J=1,1

S=S+YAUX(1=J+1)%CONJIG(VM(N+J))
3 CONTINUE

NI =N-1

DO 4 J=1,NI1

S=S+YAUX(J+1) *CONJG(VM(N+1I+D))

q CONTINUE
SUM=SUM+VM( N+ I) %S
g CONTINUE
€=0,

DO 8§ I=1,N
S=S+YAUX(N=I+1)*%CONJG(VM(N+1))

-] CONTINUE
SUM=SUM+ VM( N2 ) %S
STKM=(CABS(STK) ) *%2
AP =Wxy
B2 XKEXK+(YK~W) *%2
C2=XK%XK +YK %Y K
THETA=ARCOS ((B24+C2-A2)/ (2.,*SQRT(R2%C2)))
THETAN=2 ;#ATAN(W/2¢ /SORTIXKEXK+YK®YK) )
PT=RE AL (SUM)
T=B8e*PI*ETANARXPT/(THETAXWAVYNARSTKM)
TN=8, 2D [*F TANARPT/( THE TAN®WAVNARSTKM)
RE TURN
END
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This subroutine computes the slit transmission coefficient, T,

according to Eq. (53). The input-output parameters are

P R, W R g rap wp—

i N = number of elements in first column of [Yhsc]

N2 = 2*N

YHSA = array containing first column of [Yhsc].

hsc,* =%
I V,}
T = transmission coefficient, Eq. (53).

PT = ko”o Re {VZ[Y

VM = array containing the solution to Eqs. (11).
STK = k K
o
W=k%kw
o
XX = k x
o's

YK = koys

ETANA

nalno
WAVNA = kalko

*
The auxilliary array YAUX contains the first column of [Yhsc] R i ~

has a minimum dimension of N. The computation of Eq. (50) 1s carried

out in DO loops 2 through 5 and the power transmitted k n P s 18
0 o trans

assigned to variable PT.

C LISTING OF SUBROUTINE GAIN

SUBROUTINE GAIN(PHIR NI gNoN?2 ¢ XsDYsWeGAs WAVNCETANCPTFP)
COMPLEX X(N2) 4U+S+ARGs CEXP

DIMENSICN GA(91)+FP(9Q1) +PHIR(91) i
COMMCN WAVNOsPI U
oY2=DY/2.

DO 2 J=1,N1
SN=SIN(PHIR(J))

1F(SN.EQ.0.) GO TO S THIS PAGE IS BEST QUALITY PRACTICABLE 3

FROM COPY FURNISHED TODDQ ____
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FT=SIN(DY2*xWAVNC*SN)/WAVNC/SN

Gp TO 6
FT=1e AVYNC

. s=o: i THIS PAGE IS BEST QUALITY PRACTICABLE
s FROM COPY FURNISHED T0 DDC o

YM=WAVNC*(( I-«S)*DY-W/2,)
AR G=U*YM*SN
S=S+X(I+N)*CEXP (ARG )*FT%2,
1 CONT INUE
F=CABS(S)
FP(J)=F
GA(J)=FRF*WAVNC/ (2 « *ETANC*PT)
2 CONTINUE
FM=FP(1)
Do 3 1=2,NI
IF(FMLT . FP(1)) FM=FP(I)
2 CONTINUE
DO 4 I=1,NI
FP(I)=FP(1)/FM
Y CONT INUE
FETURN
END

This subroutine computes the power gain pattern according to
Eq. (64). The input-output parameters are
PHIR = input array containing values of ¢ in radians at
which each gain computation is made.
NI = number of elements in PHIR
; N = number of elements in vector 62 in Eq. (64)
N2 = 2*N
X = array containing solution to Eqs. (lla,b) for a
| particular excitation.
i DY = koAy
% W= kow
GA = output array containing G(¢)

WAVNC = k /k
¢ o

! FTANC nc/no
hsc]* =%

v,}

[~
PT = ko“o Real {v2[Y 2

FP = output array containing normalized H-field pattern.
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The normalized field pattern is found using Eq. (63) and
Hm(rm, $) S
FP(¢) = B-1
Herm,¢ e
C LISTING OF SUBROUTINE GELS

SUBPOUTINE GELS(RsA My NyM2)
COMPLEX A(M2)
COMPLEX R(1820) ,AUX(2000)
COMPLEX PIVI.TB
1 00 FORMAT(*1' "WARNING—-=-FRFQOR CODE IFR = ' W,WI15)
EPS=1.E-07
IF(M)24,24,1
1 1IER=0
PIV=0e.
L=0
DO 3 K=1.M
L=L+K
TRA=CABS(A(L))
IF(TPA=-P1IV) 3,3,2
d P1V=TBA
1=L
J=K
I CONTINUE
TOL=FPS%kPlIV
LST=0
NM=N»M
LEND=M-1
D) 18 K=1,M
IF(eIVv)24,24,4
IFC(IEP)YT eSe7
IF(PIV=TNL)6¢6+7
IEFR=K=1
LY=J=K
LST=LST+K
PIVI=1./7A(1)
DO A L=KsNM M
LL=L+LT
TR=PIVI*R(LL)

R(LL)=R(L) \
a R(LY=TB ;
IF(K=M)9,19,19
S LR=LST+(LT®R(K+I-1))/2

LL=LR
o THIS PAGE |
IS BEST QUALITY PRA:
n‘m‘”PYanuSHEDronpc CTICABLE

N0 e

67

=

i bttt e -




7

10

11
12

13
14

18
1¢

20

21

ar
23

pa

DO 14 II=K,LEND
L=L+I1

LL=LL+)
IF(L-LR)12,10,11
A(LL)=A(LST)
TB=A(L)

GO 10O 13

LL=L4+LT

TB=A(LL)
A(LL)=A(L)
AUX(I1)=T8B
A(L)=PIVI*TB
A(LSTY=LT

PIV=0,

LLST=LST

LT=0
PIvI=—aux(Il)
LL=LLSTY

LT=LT+)

DD 15 LLD=I1,LEND
LL=LL4LLD
L=LL+LT
A(L)Y=A(L)+PIvVIxA(LL)
LLST=LLST+II
LR=LLST+LT
TBA=CABS(A(LR))
IF(TRA-PIV) 17,17,16
PIV=TBA

I=LR

J=11+1

DD 18 LR=K,NM,M
LL=LR+4LT
PCLL)=R(LL) 42 IVI*(LR)
IF(LEND) 24,232,220
I1=M

DO 22 I=2,M
LST=LST-11
I11=11-1
L=A(LST)+.5

DO 22 J=I1,NM M
TB=R(J)

LL=y

K=LST

DO 21 LT=IT1+LEND
LL=LL+1

K=K4L T
TB=TB-A(K)*R(LL)
K=J+L

P(JI)=R(L)
F(KyYy=T8

FETURN

1ER=~1
WRITE(3,100) IER
FETURN

END
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This subroutine solves the set of equations
[Alx = [R]
where [A] is a symmetric matrix. Input-output parameters are

R = excitation array of dimension MxN.
A = symmetric matrix of coefficients, the upper right
triangular portions of which is stored by columns.
M = number of equations in the system to be solved.
N = number of right hand sides or columns of R.
M2 = number of elements in upper right triangle of [A].
The algorithm utilizes Gaussian elimination with pivoting

on the main diagonal. For further details, see [11].

LISTING OF FUNCTION SURPROGRAM HANK12

COMPLEX FUNCTICN HANK12(X)

COMPLEX U/(Qevl )’

FORMAT(' ', *WARNING=-—ARGUMENT OF'sF15.4+3X s *HAS BREEN ENCOUNTERED
1IN COMDUTING HANK12°*/)

IF(XelFeOe) WRITE(2,100) X

AQJ1=0e0

IF(XeFQe0e) GO YO 2

Z=ABS(Xx)

IF(ZeGTe3.0) GO TO 1
Y=7%2/90

ASII=X2(0e5+Y%(-0e56280985+Y*(0e21003E73+YX(=003054280+Y*(0.,00433
13194Y%(=-0,000317614+Y%0,00001109))))))
GO T0 2
wW=2,/27
Fl1=ea7978B8A4AS6+W* (. 000001554Wk (0165066 7+Wk(00017105+Wx(~-,0024
19511 +W*(00113653-W*e 00020033)))))
P1=,785308164+Wx(=,12499612+Wx(=e0000SES0+W*( 0063 787Q+WH( -2 00
10743404+ Wk(~-,000798244+wWx ,00022166)))))
BSJ1=F1*SIN(Z=P1) /SQRT(2)
IF(XelLTe0,0)BSUI ==RS I
CONTYTINUF
ASY1=<1,0F75
IF(XeEQeDe) GO TO 2
IF(Z.GTe3.) GO TO 4
THIS PAGE IS BEST QUALITY PRACTICABLE
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FROM COFY FURNISHED T0 DDC

—

BSY1=(=0e63661977+Y%( 002212091 +Y* (21682709+Y*(-1,71648274Y%(0,712
12951 4+Y%(~0,0800975+Y€0,0027873))))))/Z+40.63661977%ALDG(05*Z)*R51

GO 1D 3

PSY1==F1%C0S(Z-P1)/SQRT(2Z)

CONTINUE
HANK12=8SJ1-UxB8SY1

PETURN

END

LISTING OF FUNCTION SUBPROGRAM HaNk 02

COMPLEX FUNCTION HANKO2(X)

COMPLEX U/(0esl o)/

FORMAT(1H ,*WARNING - ARGUMENT OF*,F15,84,3X¢'HAS BFFN SNCOUNTFRZT=-
1D IN CALCULATING HANKp2(Xx)*/)

IF(XelEeO«O)IWRITE(3,10)X

PSJ0=140

IF(XeEQe0e) GO YO 2

Z=ABS(Xx)

1IF(ZeGToe3.0)50 TO 1

Y=2%Z/9.0

BSJ0=1,04Y%(-2,2499907+Y%(1.2556208+Y*(=03163866+Y*(0.0444479+Y%(
1-00039444+Y%0,00021)))))

G TOQ 2

VI=3./Z

FO=e79788456+W*( =2 0000007 7+W( =2 0055274+W¥(-,00009512+Wx(,001
1272374Wk (-, 00072B054+W%,00014476)))))

PO=e78539816+W&(e048166397+W(,00003954+Wk(-,00262573+Wx(,0005
141254Wx(,00029333-W%,00013558)))))

PSJO=FO%*COS(Z-P0)/SQRT(2)

CONTINUE

RSYO0=-1,0E7S

IF(XeEQeOe) GO TO 3

IF(ZeGTe3e) GO TD &

PSY0=0.63661977*ALOG(05%Z)*BSJ0 +0e3€7466914Y% (0,60559366+Y%(=-0
1,743503844+Y%( 0,25200117¢Y%(=0.04261214+Y%(0N0427916-Y*000024R46)
2N

Go T0 3

CONTINUE

FSYO=FO*SIN(Z-PQ)/SORT(Z)

CONTINUE
HANK 02=BSJ0-U*BSYO
RETUFRN
ENOD

These function subprograms compute the necessary Hankel functions

100 = 3,0 - 1 v
and
1 (0 = Jp0 = 3 Yo
by using polynomial approximations as given in [10, Sec. 9.4].
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B-4. Description and Listings of Plot Subroutines

Following is a list of subroutines used to plot Figures 6
through 21 in this report. The driver program is included here as
an example of how the subroutines are called. Punched output was
generated by the main program described in Appendix B-2 for use
by the driver program. In each of the subroutines the initialization
statement

CALL PLOTS( O, O, O, 20., 11.)

is made. This is standard procedure at Syracuse University and simply
tells the operator that a 20" by 11" space is to be reserved on

the plotting roll.

LISTING OF DRIVER PROGRAM

$J08 AUCK,s TINE=2,PAGES=40
C=—======PROGRAM TO PLOT FIGURES 6 THROUGH 2l ece e
DIMENSION CUR{300),PHASE(300)+FP(300),ANG(300)+sANGZ2(300)
DIMENS ION GA(300)+5F(3)
DATA SF/leslese5/
100 FORMAT(IS)
101 FORMAT (39X +2E17.7)
102 FORMAT(SXsF10e2)
103 FORMAT(F20e1+2E2047)
104 FORMAT(2El11e44+11XsEl1.4)
C—=—~=—-=—PLOT FIG. 6
READ(1,100) N
N2=2%N
DO 1 I=1,3
DO 1 J=1,,N2
READ(1+101) CUR(J+(I-1)%N2) PHASE(J+(I-1)%N2)
1 CONT INVE
CALL. PCUR(CURsNsN2s1 e593)
CALL PPHAS{PHASE+NysN2y 3)
Comr—mm—— PLOT FIGe 7
DO 2 1=1,3
DO 2 J=1sN2
READ(14+101) CUR(J+(I-1)%N2)PHASE(J+(I-1)%N2)
2 CONT INVE
CALL PCUR(CURsNsN2s1 e593)
CALL PPHAS(PHASE ¢N¢N2,+3)
Cm———mm—— PLIOT FlIGe. 8
READ(1,+100) NFP
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NFP 3=3 %N+ P FROM
DO 3 I=1sNFP3
READ(1,103) ANG(I)«GA(I)FP(I)
ANG2 (I )=ANG(I)
3 CONT INUE
CALL PFP(ANGFPoNFP, 3)
CALL PGA(ANG2+GAsNFP ol e 3)
Cm———— -=PLOT FIGe 9
READ(1,100) NFP
NFP3=3%xNFP
DO 4 I=1,NFP3
READ(1,103) ANG(I).GA(I)FP(I)
ANG2 (1) =ANG(I)
4 CONT INUE
CALL PFP(ANGsFPsNFP,3)
CALL PGA(ANG24,GA'NFP 1 e93)
Cm—mm————— PLOT FIGe 10
READ(1,100) N
N2=2 %N
ANPL=N+1
DO S5 J=1,N
RCAD(19101) CUR(J)
5) CONTINUE
DO 6 J=NP14N2
READ(1,102) CUR(J)
6 CONT INUE
CALL PCUR(CUReNsN2s1e91)
Cmmmmm——— PLOT FIGe. 11
READ(1+,100) N
N2=2 *N
NP1=N+1
DO 7 J=1,N
READ(1,101) CUR(J)
7 CONT INVE
DO 8 J=NP1 4N2
READ(1,102) CUR(J)

8 CONT INVE
CALL PCUR(CURsNsN2slesl)
Cm—m————— PLOT FIGSe. 12,13, AND 14
READ(1,100) N
N2=2 *N

DO 9 I=1+3

DC 10 J=14N2

READ (1+4101) CUR(J)PHASE(J)
10 CUONT INUE

CALL PPHAS(PHASEsNsN2s1)

CALL PCUR(CURsNsN2+SF(I)s1)
9 CONTINUE
b PLOT FISe 1S

READ+NeNFPs PHIOWDPHI

NFP3=NFP*3
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FROM COPY FURNISHED TO DDC

THI

DC 11 I=1,NFP3

READ (1+103) ANG(I1),GALI),FP(1I)

ANG2 (1) =ANG(])
11 CONT INUE

CALL PFP(ANG.FPysNFP,3)

CALL PGA(ANG2+sGAWNFP 41 e93)
Co—m————— PLOT FlGe 16

READ « Ny NFP s PHI O OPHI

NFP3=NFP %3

DO 12 I=1.NFP3

READ(1,103) ANG(I)GA(I),FP(I])

ANG2 (1 )=ANG(1)
12 CONT INUE

CALL PFP(ANGyFP¢NFP, 3)

CALL PGA(ANG2 +GAsNFP 32 49 3)
C—=——==—-PLOT FIGS. 17,18, AND 19

READ(1+,100) N

N2=2 *N

DO 13 I=1,3

DO 14 JU=1,N2

READ(14101) CUF(J),PHASE(J)
14 CUNT INUVE

CALL PPHAS(PHASE sNyNZy 1)

CALL PCUR(CURsNsN2ys1lesl)

13 CONT INUE
C--—=-=—=PLOT FIGe 20
NTP=41

DO 15 I=1,3

DO 1S J=1.NTP

K=J+(I-1)%NTP

READ(14104) ANG(K)sANG2(K)sGA(K)

15 CONT INUE

CALL PTRANS (ANGsANG2 +GAsNTP+3s-1)
G - PLOT FIlGe 21

NP=2

DC 16 [=1.NP

DO 16 J=1,NTP

K=J+(I-1)%NTP

READ(1+104) ANG(K)sANG2(K)+sGA(K)
16 CONT INVUE

CALL PTRANS (ANGs ANG2 sGASNTPsNPs 1)
STOP
END
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C LISTING OF SUBROUTINE PCUR Y SH‘EDI’OQDQ )
SUBRCUTINLC PCUR(YsNeN2 +SCoNP)
G i i PROGRAM TO FLOT CURRENTS

DIMENSION XX(S5)e¥YY(5)e X(300)

DIMENSION Y1(150),Y2(150),Y(300)

DATA XX/2e 170 07%002e0Ce6/eY¥YY/) 0ol e e50e05esle/

NEN=S

SN=SC*x 2,

XW=XX(2)=-XX(1)

YW=YY(3)-YY(2)

St=YW/SN

DX=XW/N

DX2=DX/2e

CALL PLOTHS(0s04+0+20e9l 16

CALL LINE(XX(1)eYY(1)e541,0,0)

JT=1

NP1=N+1

DO 2 J=1.2

Yo=YY(1)+(J—1)%YW

XS=XX(2)=(J=1) *XW

DO 1 I=1,NP1

XI=XX(1)+(J=1)xXW+(I—-1)%DX*JT

CALL SYMOBOL(XIeYSseld4913,40e0~-1)
1 CONT INUL

DO 3 I=1+NSN

YI=YY(L)#(J=1)%YWH(1~-1)%YT

CALL SYMBOL(XSsYI +e14913,90ee~-11}

3 CONT INUE
JT==JT

2 CONT INUE
SN2=SN/4 .

YI=YY(a)=(I=1)-e]7
CALL NUMBER(XX(1)=e049YI 4014 SNy 0er2)
SN=GN-5N2
4 CONT INUE
CALL SYMOOL(XX(1)=e7 :YY(1)#1e4,¢14,9HMAGNITUDE 45049
CALL SYMOBULCXX(1)=e030YY(1)=e279e184112900e9¢-1)
CALL SYMBOLIXX(1)+XW/2 e s YY(1)9e2913400e—1)
CALL SYMBULIXX(L1)#XW/2 e~ al7oYY(1)=e270eld,'W/2%,00:3)
CALL SYMBOL(XX(1)#2e00sYY(1)=e6selad:8HPUOSITIUNsOe+8)
CALL SYMOBOL (XX(2)=e035 oYY (1)=e27 +e14,10240e¢-1)
D0 S I=1N
XCI)=XX(1)+([=e5) *OX
S CONT INUE
DO 10 K=1sNP
DO 6 1=1.M
YIODI)=Y(I¢(K=1)®N2)XSF+YY(1l)
“ CUNT INUE
Bl 7 I1=NP]l N2
Yol =t) YT +(K=1)EN2)XSF+YY (1)
ONT N

|
|
' DO 4 I=1,NSN
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FROM COPY S
DO 8 l=]1N

CALL SYMUOUGLIXCE)eY1(1)eeO0740000ee~1)
CALL SYMUOLIEXCI) oY2(01) 000742 ¢0e0=1)
CUNT INUL

CALL LINEOCXCL) oY1 (1) eNels0,0)

CALL LINEOXCL) oY (1) eNe15040)

CONT INUL

HE TUKRN

END

This subroutine plots the magnitude of M, and M, versus

1
their position on the face l‘l or 1"2 and connects the points with
straight lines. The argument parameters are:
Y = arvay containing |P_11| and |b-1.‘|soquvnt fally stored.
N = number of expansion functions on slit tace U

1

and i .

scale factor such that the maxifmum value of the

plot ordinate equals SCx2,

number of plots of |$il| and |lrl,| to be drawn tor

one picture,
The arrays having minimum dimensions arve Y(N2ANP), X(N), YL(N), aund
Y2(N). All of the statements up to DO loop 5 generate the picture

and |M,| are

frame with labels. Inside DO loop 10, the values of |$|‘|

taken out of array Y, placed in the dummy array Y1 and Y2, and marked
with squares and trviangles respectively, This is done tor NP arvrvavs

of lP—i and |b.|,‘

, |
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FROM COPY FURNISHED TODDC
LISTING OF SUBROUTINE PPHAS

SUBROUTINE PPHAS(YsNsN2NP)

DIMENSION XX(5)eYY(S5)e X(5C)eY(300)eXF(S)
DATA XF/eH 163506239050 «65/

DATA XX/2e1 7010700200 /70Y¥YY/1eolesS5e15eslel/
XW=XX({2)=-XX(1)

Yw=YY(J3)=-YY(2)

NSN=S

DX=XW/N

CALL PLOTS(0¢0+0e20e0lle)

CALL LINE(XX(1)eYY(1)9Se1¢04+0)

JT=1

NP1=N+1

DO 2 J=1.2

YS=YY(1)+(U—-1)%YW

Xo=XX(2)=(J=1)*XW

DO 1 I=1,NP1

XI=XX(1)+(U=1)XXW+{I=1)%DX*xJT

CALL SYMBOL (XTI sYSsel4s13+0e0—1)

CONT INUL

DO 3 1=1.NSN

YI=YY(1)+(U=1)xYW+(1—=1)%UT

CALL SYMBOL(XSsYI 961453134906 1)

CUONT INUVE

JT==JT

CONT INUL

SN=180e

DO 4 1=14NSN

YI=YY(4)—-(I-1)

CALL NUMBLER(XX(1)=XF (I)eYI=e060e14e6SNyOee=1)
SN=SN—-=90.

CONT INVE

CALL SYMBOUL(XX(1)=e7 sYY(1)+1 6752148 ,5SHPHASEs904e+5)
CALL SYMBOL(XX(1)=e031¥Y(1)=e270e14,11290e4-1)
CALL SYMBOL(XX(1)4XW/2esYY(1)se201340e0-1)
CALL SYMBOL(XX(1)+XW/2 a=017o¥YY(1)=0e270eld,3*'W/2% 4004+3)
CALL SYMUOL (XX(2)=e035sYY(1)=e2700¢14,102¢00¢~-1)
CALL SYMBOL(XX(1)#2a¢YY(1)=e6+el1ds8HPOSITION+O++8)
DO 10 K=1+NP

DO S5 1=1N

XCI)=XX{1)+{(I=e5)*DX

CONT INUE

DO o I=1sN

YOL)=Y(I#(K=1)%XN2) /790 +3.

CUNT INUL

DO 7 I=NP1 N2

Y(I)=Y(I4+(K=1)*N2)/90e+3.

CCNT INUE

LO 8 J=1,sN

CALL SYMOULIX(J)eY(J)ee0740s0es=-1)

CALL SYMIUL(X(J) s Y(UEN) 22074240 e9e-1)

CUNT INUL
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CALL LINEC(X(1)eY(1)eNels0,40)

CALL LINECX(1) s YINPL1)4¢Ns1,40,0)
10 CONT INVE

Rt TURN

ENO

This subroutine plots the phase of ﬁl and ﬁz versus their
position on slit face Fl or PZ and connects the points with straight
lines. The argument parameters are:

Y = array containing the phase of ﬁl and ﬁz in degrees.
N = number of expansion functions on slit face Fl and Pz.
N2 = 2*N
NP = number of phase plots desired per picture.
The arrays having minimum dimensions are Y(N2*NP) and X(N). All of
the statements up to DO loop 10 generate the picture frame with
labels. DO loop 10 then takes the phases out of array Y and plots

the phase of M, with squares and the phase of ﬁz with triangles.

1
This is done for NP arrays of ﬁl and ﬁz.

C LISTING OF SUOBRCUTINE PFP

SUBROUTINL PFP(X.YeNFP¢NP)
Cmmmmnam- SUBROUTINE TO PLOT NORMALIZED FILLD PATTERN.
DIMENSION XX(5)eYY{5)e X(300)eY(300)
DATA XX/2e 180180009273 YY/100le0De1H0el e/
CALL PLOUOTS( 04000420001 10)
CALL LINE(XX(1)eYY(1)e5Hel1s040)
Xw=XX(2)=-XX(1)
YW=YY(3)=-YY(2)
DX=XW/0e
JT=1
NY=6
NX=7
DO 2 JU=142
YS=YY(1)4(JU=1) %YW
XS=XX(2)=(J=1) *XW
DO 1 I=1sNX
XI=XX(1)4+(U=1)eXWH(I=1)*DX®UT
CALL SYMBUOL(XIsYSeeldy1340e4¢-1)
1 CONT INVE

e e e i et e L i e ok e e e Ol (et et b a2 e L i e i e e S i Sl i i i el e s e o
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DO 3 I=1.NY
YISYY(L)4(J=L)*xYWe( =1 )% 8%JT
CALL SYMUOUL(XSsYIl selé,s13¢5900e0-1)

3 CONT INVE
JT==J7

& CUNT INUE
SN=1 o

DO 4 [ =1.NY
YI=YY(4)=(]—-1)%e8=-407
CALL NUMBLR(XX(1)=eS59Y 1o eld49SNeOesl)
SN=SN=-.2
4 CONT INUE
CALL SYMBOL (XX(1)=e7oYY(1)+e6329¢14,244ANURMALIZED FLELD PATTERN,
¥G046924)
SN==G0 .
DO S [I=1,3
XI=XX(1)=el 7#+(1-1)
CALL NUMULR(XIoYY(1)=e30el149SNeOes=-1)
SN=SN+30.
S CONT INUE
CALL SYMOUL(XX(1)#XW/2Ce=e04+YY(1)=030e1a4112900e4s-1)
SN=30.
DO €& [=5,7
XI=XX(1)=el#+(I=-1)
CALL NUMBLRIXI oYY(1)=e30el14¢SNsOQes—1)
SN=SN+30.
6 CONT INUE
CALL SYMUBOL(XX(1)42e¢74YY(1)=e6r0e149SHANGLE+OQe+5)
DO 11 K=14.NP
DG 10 I=1sNFP
X(I)=XX(1)+(XW/180e) ¥ (X(I4+(K=L)XNFP)+904.)
YOI)=Y(T#(K=1)RNFP)®YN+YY (1)

10 CONT INVE

CALL LINULCXC(1)eY(1)yNFP4s14040)
11 CONT INUE

RCTURN

END

This subroutine plots the normalized far ficld pattern
measured in the half space region ¢ as a function of the observation
angle measured from the x axis. The argument parameters are:

X = array containing values of the angle at which the
far field measurements are made.
Y = array containing far field measurements normalized

so that the largest measurement equals unity.
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NFP = number of far field measurements made

NP = number of plots desired per picture.
The arrays with minimum dimensions are X(NFP*NP), Y(NFP*NP). All of
the statements up to DO loop 11 generate the picture frame with labels.
Each value of X and Y is scaled accordingly and connected by a

straight line.

C LISTING OF SUBROUTINE PGA
C
SUBROUTINE PGA(XsYNFP 4SCyNP)
C========SUBROUT INE TO PLOT GAIN PATTERN.
DIMENSION X(300)+Y(300)eXX(4)eYY(4)
DATA XX/2e90 700303 3e/7s¥YY/484438e692¢ 960/
DATA NX/Z4/ NY/S/eP1/36141593/
CALL PLOTS(0+0+0420esl11e)
CALL L INEC(XX(1)eYY(L1)s2+s14,0,0)
SN=4 ¢ xSC
DO 1 1I=1,NX
XI=xXX(2)=(1-1)
CALL SYMBOL(XI oYY (1)9e149134300e9~-1)
CALL NUMBLR(XI=e03:YY(1)—=e224+¢14¢SNs0er—-1)
SN=SN-SC
1 CONT INUE
CALL LINE(XX{3)esYY(3)e2+1+040)
DO 2 I=1,NY
YI=YY(4)—=(1-1)
CALL SYMBOL (XX(1)#1laosY13e14413¢900es~-1)
2 CONY INULC
XN=XX(1)+.806
CALL NUMBER(XNsYY(4)=e0790e18442e%SCs00ev-1)
CALL NUMBER(XNsYY(A4)=1e074e14,SC90ee—-1)
CALL NUMOELR(XNsYY(3)=e071e14¢2¢%SCs0e0-1)
CALL NUMBER(XNsYY(3)4+e693+¢14¢5Ce0es—-1)
DO 4 K=14NP
DU 3 I=1,.NFP
YT=Y(I+(K=1)%NFP)
YOI)=YY (1) 4Y(IT#(K=1)XNFP)IXSIN(PI*X(I+(K=1)*NFP)/180e)/S5C
XCI)=XX(1)+YTRCOS(PI*X(I+(K=1)&ENFP)/180)/7S5C+1.
3 CONT INUE
CALL LINE(X(1)sY(1)eNFPel,04s0)
L CONT INUE
CALL SYMBUL(XX(3)4+e5+YY(3)=e50e148+4°GAIN PATTERN® +0evl2)
RE TURN
END
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This subroutine plots a polar pattern of the gain computed

in the main program for the half space region c. The argument para-
meters are:
X = array containing the gain measurement angle

measured from the x axis.

Y = array containing the gain measurement.
NFP = number of gain measurements made per pattern.

SC = scale factor such that 4 < SC*maximum gain value.

NP = number of patterns desired per picture.

The arrays with minimum dimensions are X(NFP*NP) and Y(NFP*NP).
All of the statements up to DO loop 4 generate the axes with labels.

The data is then scaled and plotted using polar coordinates.

C LISTING OF SUBROUTINE PTRANS

SUBROUTINE PTRANS({XsYs TeNTPsNP.1D)
DIMENSION X(300),Y(300)+T7(300)
DIMENSION XX(S).YY(5)
OIMENSICN DUMX(80L),DUMY(86)
DIMENSION TMF (8)+PHI(B) TMFL1(8)+TMO(8) PHD(8),TMDI1 (8)
DATA PHI/Z/04¢10e920e¢930e¢98069+50e96046¢7047
DATA TMF/1 ¢ 96575969259 e8B643e759 66546564 «485/
DATA TMF 1/ eG5800C510921 0853679407259 e664e62/
DATA XX/2e00e9€Ce120e92¢/73YY/1 asles@eslerle/
DATA PI1/3.1415%3/
XW=XX(2)=XX(1)
Yw=YY(3)-YY(2)
DX=XW/9
DY=YW/10.
CALL PLOTS(0+0+0420e9116)
CALL LINE(XX(1)sYY(1)e541,40,0)
JT=1
DO 2 JU=1,2
YS=YY(1)+(JU-1) %YW
XS=AX(2)=(J=1)*xXW
DO 1 I=1,10
XI=XX(L)+(J=1)%XWH+(I=1)*DX*JUT
CALL SYMBOL(XI sY¥Sse1441340e+—1)
1 CONT INVE

80 THIS PAGE IS BEST QUALITY PRACTICABLB
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DO 3 I=1,11
YI=SYY(1)+(J=1)XYW+(I-1)%JT%DY
CALL SYMBOL(XSeYIvel14913¢904es~-1)

3 CONT INUF
JT=-JT

2 CONT INVE
SN=1 e

DO 4 [=1.3
YI=YY(4)=(I-1)%]1.5-,07
CALL NUMBER(XX(1)=eS50sYIlse149SNyQesl)
SN=SN=-5
4 CONT INVE
CALL SYMBOL(XX(1)=eOsYY(1)+1e1390el14e¢°T¢,9046+1)
CALL SYMBOL(XX(1)=eOasYY(1)+]1 e339e144°'CUS* 490469 3)
CALL SYMBOL(IXX{1)=eO6sYY(1)#+]1 o772e14436,900e4-1)
CALL NUMBER(XX(1)=e0354YY(1 )= e259e1440e90e9-1)
CALL NUMBER(XX(2)=e115eYY{1)=e259014¢90e¢90e9—-1)
CALL SYMBCLIXX(1)+e7SeYY(1)-ed,y014,*ANGLE OF INCIDENCE® ¢0e +18)
DO 6 J=1 NP
DO S I=1,NTP
K=I+(J=-1)%*NTP
DUMX (I)=XX(2)=(2.%XW/PI1)&(ABS{ATAN2(Y(K) s X(K)))=PI/24)
DUMY (1)=T(K)XYW+YY(2)

S CONT INVE
CALL LINE(DUMX(1) sDUMY (1) ¢NTP,1,0,0)
6 CONT INUVE

IF(IDeEQe-1) GO TO 10

DO 8 I=1.8

PHD(I)=XX(1)+XW*PHI(I)/90.
TMOCI)=YY(1)+TMF(I)*YW
TMDLI(I)=YY(1)+TMFI(I)*YW

CALL SYMBCL(PHD(I)sTMO1(1)ye07¢2400s—-1)
CALL SYMBOL(PHO(I)sTMO(I) 9e079¢09s0e9-1)

8 CONT INUVE

10 CONT INVUE
RETURN
END

This subroutine plots Tcos¢ versus ¢ where T is the transmission
coefficient computed in the main program and ¢ is the angle of incidence
measured from the negative x axis. The argument parameters are:

X = array containing x coordinate of line source.
Y = array containing y coordinate of line source.

T = array containing values of Tcos$ where ¢ = tan-ll’%l
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NTP = number of values of T computed.

NP = number of plots of Tcos¢ versus ¢ desired per picture.

ID = integer option variable. If ID = 1, the sample data
placed in arrays TMF, TMFl, and PHI will be plotted
with symbols,i.e., for comparison purposes. If ID = -1,
this data is ignored.

The arrays with minimum dimensions are X(NTP*NP), Y(NTP*NP), T(NTP*NP),

DUMX(NTP), and DUMY(NTP). All of the statements up to DO loop 6
generate the picture frame with labels. Each angle ¢ is computed in

DO loop 5 and stored in the dummy array DUMX. Array T is scaled and
stored in array DUMY. Straight lines are then drawn between consecutive

points.

14
i
!
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v

82




kR

e R IR S

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(91

(10]

(11]
(12]

(13]

REFERENCES

G. W. Lehman, "Diffraction of Electromagnetic Waves by Planar
Dielectric Structures. I. Transverse Electric Excitation,"
Journal of Math, Physics, vol. 11, May 1970, pp. 1522-1535.

S. C. Kashyap, M.A.K. Hamid, "Diffraction Characteristics of
a S1it in a Thick Conducting Screen," IEEE Trans. on Ant. and
Prop., vol. AP-19, July 1971, pp. 499-507.

Kohei Hongo, "Diffraction of Electromagnetic Plane Waves by
Infinite S1it Perforated in a Conducting Screen with Finite
Thickness," Elec. and Comm. in Japan, Vol. 54-B, No. 8, 1971,
pp. 90-96.

F. L. Neerhoff, G. Mur, 'Diffraction of a Plane Electromagnetic
Wave by a Slit in a Thick Screen Placed Between Two Different Media,"
Appl. Sci. Res., Vol. 28, July 1973, pp. 73-88.

R. F. Harrington, J. R. Mautz, "A Generalized Network Formulation
for Aperture Problems," Syracuse University Technical Report TR-75-13,
November 1975.

R. F. Harrington, J. R. Mautz, "A Generalized Network Formulation
for Aperture Problems," IEEE Trans. on Ant. and Prop., Vol. AP-24,
November 1976, pp. 870-873.

R. F. Harrington, '"Time-Harmonic Electromagnetic Fields,'" McGraw-
Hill Book Company, New York, 1961.

C. M. Butler, K. R. Umashankar, '"Electromagnetic Penetration through
an Aperture in an Infinite, Planar Screen Separating Two Half Spaces
of Different Electromagnetic Properties," Radio Science, Vol. 11,
July 1976, pp. 611-619.

S. C. Kashyap, et al., "Diffraction Pattern of a Slit in a Thick
Conducting Screen," Journal of Applied Physics, Vol. 42, February
1971, pp. 894-895.

M. Abramowitz, I. Stegun, "Handbook of Mathematical Functions,"
Dover Publications, Inc., New York, 1965.

IBM, System/360 Scientific Subroutine Package, Version III, p. 133.

J. Chou, A. T. Adams, "Method of Moments Applications aperture
Coupling Through Long Slots,'" Rome Air Development Center
Technical Report, RADC-TR-73-217, December 1975, A019771, Vol VII.

P. M. Morse, P. J. Rubenstein, "The Diffraction of Waves by
Ribbons and by Slits," Physical Review, vol. 54, December 1938,
pp. 895-898.

83




